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^The military-developed curriculum materials in this ooircse 
package were selected by tte National Center for ^Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other .instructional materials agencies • The purpose of'' 
disseminating tiiese courses was to make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

The ootirse materials aoqioired, evaluated by project 
staff and practitioners in tlie field, and prepared for 
disseniination. Materials which were specific to the rilitary 
were deleted, copyrighted materials were either emitted or appro- 
val for their use was obtained. These course packages contain 
curriculum- resource materials v^ch can be adapted to si^jport 
vocational instruction 9nd curriculum development.' 
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The National ^Center for Research in 
Vocational Education's mission is.to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by; 

• Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services - 

• Conducting leadership development and 
training programs 
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The National Center for Research In Vocational 

Education 
The Ohio'Sta'te University 
1960 Kenny Rolad, ColUmbus, Ohio 43210 
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848-4&15 within the continental U.S. 
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Military 

Curriculum Materials 
Dissemination Is . . . 



I...... 



What Materials 
Are Available? 



an activity to increase the accessibility of 
militarvdeveloped curriculum materials to 
vocational and technical educators. * 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculurii materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The National l^enter for Research In 
Vocational Education is tho U.S. Office of 
Education's designated representative to 
t\ci\u\ie the materials and conducl the project 
activities. 

Project Staff: 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.D. 

Project Director -i 



-One hundred twenty courses on microfiche, 
(thirteen in paper form) and descriptions of 
each have been provided to the voca'tipnal 
Curriculum CoordinatioYl^Centers and other 
instructional materials agencies for dissemi- 
nation. ' 
\ 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks apd technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Sen/ice 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 

Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional -mate- • 
rials with appliqation to vocational and 
technical education are identified and selected 
for dissemination. 



How Can These 
Materials Be Obtained? 



- 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g.,*' availability and cost). They - 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. ^ 
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CiHirst 0«tcription: ^ ^ ^ 

This is tht («st section of a four-part courst to train tnfironmental support spactalists; Tht courst lndudes training in water trtatmtnt plants, operating 
proctdurts for solid vMste disposal, and mainttnance of water and waste processing system components. The previous sections dealt with waste 
processing, water analysis, water treatment, and waste disposal. This section discusses maintenance of processing system componen », and the collection, 
transportation and dtsposal^f solid waste. It contains two blocks of instruction covering 96 hours. 

Block VI - . Msint9nan€9 of Mter and Wastw Procming Sysfm Components contains eight lessons covering 70 hours of instruction. A ninth 
;k * ^ \ lesson on logs and reports was deleted because it used military forms. The lesson topics and respective hours follow: 

/ 0 / 

External Corrosion Control (3 hours) 

Cathodic Protection (3 hours) 

Drive Equfpfoent and Accessories (10 hours) 

^ Pipelines; Valves, Meters, and Recorders (8 hours) 

Chemical Feeders (8 hours) 

Maiptenance of Sewage Plant Equipment (8 hours) 

^mp Maintenance (22 hours) ' 

Wellsand Welt Maintenance (8 hours) « ^ 

' ' • • .1 

BiockVll - Co/lMfon, Transportation and Dfsposs/ of So/id VVMSt9(^nu\n%ie>^n\9is^ An eighth lesson 

on togs and reports was deleted. 



Introduction to Solid Waste Processing (2 hours) * ^ . 

. Duties of Solid Waste Monitor (1 hour) ^ * - . 

Solid Waste Collection Planning and Procedures (6 hpurs) 
Solid Watte Collection s|nd Transportation (3 hours) 
Solid W^ste Disposal Methods and Their Operation (12 hours) 
Sanitation in Solid Waste Processing (1 hour) . ^ , 

Public Health and Nuisance Aspects (1 hour) 

This section contains both f eacher and student materials. Printed instructor materials include lesson plans with an outline of teaching steps and a 
plyn of instruction detailing the units of instruction, the duration of the lesson, objectives, and support materials needed. Student materials include 
two study guides containing objectives, assign nrients, text readings, and review questions and two workbooks containing exercises and lab work. 

Several military technical manuals and commercially produced texts are also referenced but are not provided. Audiovisuals recommended for the 
entire four sections but not provided include twenty films, three slide sets, and one schematic diagram. This section should be preceded by 
Environmental Support Specialist, Blocks l-V (17^), (17-5), and (17-6). It can be presented in a targe group instructional setting or adapted for 
individualized study in waste treatment or ecology courses. 



\ 
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ENVIRONMENTAL SUPPORT.- SPECIALIST. BLOCKS VI & VII 
» Table of Content's 

Course Description \ ^ . Page 1 

Plan of Instruction ^ , - Page's 

Block ^VI Maintenance Of Water And Waste- 
Processing System Components 

Lesson Plans . * Page 19 

Maintenance Of Water And Waste Processing Page ^112 

Components - Study Guides ^ 

Maintenarice Of Water And Waste Processing Page 216 

Components - Workbooks ' 



Blbck VII - Collection, Transportation, And 
, Disposal Of "solid Waste . 



Lesson Plans * Page 246 

Collection, Transportation, And Disposal " 'Page 311 

Of Solid Waste - Study Guides 

Collection, Transportation, And Disposal Page 323 

Of Solid Waste - Workbooks 
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: PLAN OF INSTRUCTION 


-, ♦ - ^- ; . . 

• CCJRSE TITLE ( ^ — ? 

Environmental Support Specialist/ - 


5.CC< T 'LE . . ' f ^ • > 

♦ . Maintenance of Water and Waste Processing System Components ' 


.< ^'^^ RUCT'ON AND CRITEJIION OIJECTIVES 


DURATION 
•(HOURS) 

7 


^ . — ' — ~ 

. J^<*®:»<lT MATERlVs ANOCUlOANCf 


1. External Corrosion Cfontrol- 

• • 

a* Following written instructions, 
define corrosion, list factors for corrosion 
to occur, list types of corrosion, and methods 
of prevention. , ' 

b. Given samples of metals, determine 
kinds of corrosion on the metals and their 
prevention. . 

\ 

* / 

» ' 

2. Cathodic Protection 

a* Identify methods of cathodic protectlor\ 
list the equipment protected by cathodic 
methods. 


3 

• (2/1), 
Day 46 

(1.5/1) 
(0.5/0) 

3 

(2/1)/ 
Day 46 . 
(1/0.5) 


- ti — . ^ 

Column 1 Reference' STS Reference ^ " ' 
la - , 

lb <? • . . Tj^ , ; ^ 
Instructio"nal Materials 

5U 3ABR56i3U-VI-i., External Corrosion Control 

WB 3ABR56330-VI-1-P1, Wrodbctlon to Corrosion Control 

Audio Visual Aids / ' ^ " . " 

TF 5568, Corrofi ion .in Aerospace Weapons Systems ^.4 
SAFE 58, Corrosion (Steel Horizons) 

Training Methods - * ^ . - 
Discucfiion (1.5 hrs) - ^- . ■ \ 
Performance (0..5 hr) " 
Outside Assignment (1 hr) v • 

Instructional Environment/toeslgn • • * 
v^iMoorooin \irO nrs; 
.Laboratory (0.5 hr) ' 

Study Hall (1 hr) " - . 
Group/Lockstep \ ' ^ ^ ^ 

Instructional Guidance ' . - 
Discuss the methods of removing corrosion and how to treat ferrbus, 
stainless steel, and copper metals. ^Discuss and present film. 

Column 1 Reference StS Referencp 

2b > 7nv^' . . , 
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PL^ OF INSTRUCTION (Continu«<0 



' >?^'riSTKUCllOi:-/.NH C«neR-0N.0Bj£CTlVt5, 



!>• List the installation procedures for 
catiiodie protection^ and the safety precautions 



to obser^ve 'whei>' working with cathodic 
protection systems. 



3. Drive Equipment and Accessories 



a. Following written ihstructipns^ inspect 
starts operate^ and shut down' gasoline engine 
driven water pump and portable generator. 



3ABR56330 



DURATION 
^<HOO«S)_. 



10 

(8/2) 
Days 46 
and 47 

(2/0) 



SUPPORT MATE«f»*-5 AN^ ^JOanCE 



(1/0.5) Instructional Materials 

SG 3ABR5C330-VI-2, Cathodic Protection 
WB 3ABR56330-VI-2-Pl/Cathodic Protection 

Audio Visua^l Aids 

jTF6142, Public Works and Public Utilities 

i TrainiPg Equipment. 
jCathodicaUy Protected Pipeline (12) 
'Multimeter (6) 

i Training Methods 
IDiscussion (1 hr) 
{performance (1 hr) 
joutside Assignment (1 hr) 

Instructional Enyirhnment /Design 
•Classroom (1 hr) 
Laboratory (1 hr) 
:Study Hall (1 hr) 
Group/Lockstep 
; Instructiopal Guidance 

Discuss and demonstrate the^raethqds of providing cathodic protection to 
^fire protection distribution systems and other components. Check 
'cathodically protected pipeline system. 
;Colunin 1 Reference STSvReference 

jsr~ : — 6a> ifjih m 

13b 3c, 7f(3) 

;3c ^ 3c, 71, Ti^ 

In strudioMl Materia ls 

§G 3ABR56330-VI-3, "Hrive Equipment and Accessories 
^ ,WB 3ABR56330-VI-3-P1, Drive Equipment and Accessories 
jWB 3ABR56330-VI-3-P2, Operating a Gasoline Engine 
AFM 85-13, Maintenance and Operation of Water Plants and Systems 



OATf , 



6 June 1975 



f'uOCK NO, 



VI 
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FLAN OF tHSTXUCTlON (CQntin»t« 




^ UNITS OF INSIRUCflON AND CRITERION OiJECTIVES ^ 


DURATION 
^ (HOURS) 


^ SUPPORT MATERIALS AND GUIDANCE 


b; Using 'AFM 85-13 as a guide^ perforin 
an inspection of an electric motor and correct 


: (1/0) 


Training Equipment 

Electric Motor (4) 




• 


minor di scr epanci es. 

c. Following written instructions, inspec 
equipment having belts, chains, and variable 
specKl drives; couplings; and shearpins. 
Report major maintenance to responsible 
organizations* 

4* Pipelines, Valves, Meters, and 
Recorders 

a* Using the pipeline trainer and 
following written instructions, stop a water 
leak by installing a compression coupling and ' 
calculate the chemicals required, within + 1 
ounce, to sterilize the repaired extension* 


(5/2) 
8 

(6/2) 
Dky 48 
(1.5/0.5) 

, 


Gasoline Engine (12) 
Drive Equipmait (12) 

Training Methods 
Discussion (2 hrs) 
Demonstration (1 hr) 
Performance (5 hrs) 
Outside Assignment (2 hrs) 

Instruc'iCional Environment/Desisn 




Class::oom (2 hrs) 
Laboratory (6 hrs) 
Study Hall (2 hrs) 
Group/Lockstep 

Instructional Guidance 


IDemonstrate how to start and operate the gasoline engine and observe 
safety around all moving machine]^* Insure that water pux^ps are 
primed before starting' engine. Check outside assignments daily: 
Day 46, read SG VTI^-l thru 3, and answer questions on pages 15, 16, and 
20; Day 47, 'answer questions on page 33, 

Column 1 Reference STS Ref ereacf! 


4a TgjS), 7gW, 7j 

4b TfiS, 

4c - 7g<r0) 

4d 7h 

4e 7f{4) 

4f Iigjr2) 
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PLW OF INSTRUCTION (Contlny*4 



UNITS OF INSTKUCTION AND CRITERION OftJECTlVES 



b. Using related information, identify 
procedures for locating buried pipelines, 
valves, and underground water leaks. 



c. Using related information, identify 
procedures for thawing frozen pipelines* 

d. Following written instructions, list 
t^e methods and procedures for prevention of 
back siphonage. 

e. Following written instructions, 
disassemble, repack, and assemble a gate 
valve. 

f. Following written instructions, inspect 
flowmeters, change recorder charts, and read 
water meters within -f 1 unit. 



PLAN OF INSTRUCTION NO. o 3ABRS6330 



DURATION 
. (HOURS) 



(1/0.5) 

~(0T570f 
(0.5/0) 

(1.5/0.5) 

(1/0.5) 



SUI^PORT MATERIALS AND GUIDANCE 



Instructional Materials 

SG 3ABR98330«-VI-*4, Maintenance of Pipelines, Valves, Meters, and 
Recorders 

«B^Ag^g|0^ of Pipelines, Valves, Meters, 
and Recorders ~ ^ — ^ — 



Training Equipment 
Recorder (12) 
Gate Valve (1) 
Globe Valve (1) 
Water Meter (1) 
Pipeline Trainer (4) 

Training Methods 
Discussion (2 hrs) 
Performance (4 hrs) 
Outside Assignment (2 hrs) 

InstructioniJl Environment/Design 
Classroom (2 hrs) 
Laboratory (4 hrs) 
Study Hall (2 hrs) 
Group/Lockstep 

Instructional Guidance 



Before starting performance, show the students the proper wrenches to 
use and stress not to over tighten nuts on pipe clamps* If over 
tightened, clamps will be distorted and damaged. Check outside 
assignments dally: Day 48, read SG VI-4, and answer questions on 
page 51. 



DATE 6 June 1975 



VI 



PAC£ NC. 



43 



17 



15 
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PL AN Of INSTRUCTION (C*ntinM*4 



UNJTS or NSTRUCTION AND CRITERION OtJECTIVES 



5 • . Chemi cal Feeders 



a. Following written instructions, 
disassemBle and reassemble a hypochlorinator. 



bT^Followingrwritlen-inirtnictiSisi 
disassemble and reassemble a fluoridator. 



DUflATlON 
^ (HOURS) 



8 

(6/2) 
Day 49 
(3/1) 



Wi)^ 



PLAN OF INS-r RUCTION NC. 3ABR56330 



SUPPORT MATERIALS AND GUIDANCE 



Column 1 Reference 

u 

5b 

Instructional Materials 



STS Reference 



SG 8ABR56830-VI-5, Chemical Feeders 



Training Equipment 



Hypochlorinator, Pump, and Motor (6) 
Fluorldator (6) ^ 

TraininglileUiods 
Discusdon (2 hrs) ^^^-^ J 
Performance (4 hrs) ^ ^ ^ 

Outside Assignment (2 hrs) ^ 

Instructional Enyironment/Design 



I' 



Classroom (2 hrs) 

Laboratory (4 hrs) ^ 

Study Hall (2 hrs) 

Group/Lockstep 

Instructional Guidance 

Divide class into two groups.for performance and rotate groups as 
required. Check outside assignments daily: Day 49, read SG and 
answer questions on pages 60 and 61. 



DATE . 6 June 1975 



•LOCK NO. 



VI 



PACE NO/ 44 
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^ UNITS OF INSTRUCTION AND CRITERION ORJECTIVES 


DURATION 
J (HOURS) 


SUPPORT MATERIALS AND GUIDANCE 

3 




r 


6. Maintenance of Sewage Plant Equipment 

a. Using AFM 85-14 and foUowing writ*- 
ten instructions, list the maintenance required 
for grit chambers, shredders, bar screois, 
and sedimentation tanks. - . 


8 

(8/2) 
Day 50 

(1/0.5) 


Cblumn 1 Reference STS Reference 

«a 8c, llg(l), llg(S), llh(a), m 

6b llf 

6c llh(4), llh(9), 12k 

6d llf. 11^(1). lk(3). llh(». llh(4). llh(9) 

Instructional Materials 




— 


Ji^ ^^FoUowing writteli ilTstructions^ 
determine the items of Inspection and main- 
tenance requircMlfor a linage lift station. 

c. Ualnf AEII 85-14 and foUoving 
written instructions, list the maintenance 
required for digester, trickling filters, 
separators, and processing equipment. 


(1/0.5) 
(1/1) 


9G SABRS6SS0«*VI*-6rMaintenance of-Sewage-Plant Equipm^t 
WB 3ABR56SS0-VI-6-P1, Maintenance of Sewage Plant Equipment 
AFM d5*-14, Maintmance and Operation of Sewage and Industrial Waste 
Plants and Systems — 

Training Equipment 






(3/0)' 


Sewage ^Trainer (12) 
TrainiDR Methods 




- 


d. Using base eewage plant (or sewage 
trainer durincr bad weather) . insnect sewaur e 
lift stations, grit chambers, diredders, bar 
screens, sedimentation tanks, digesters, 
trickling filters, and processing equipment 
for required maintenance using class notes as 


Field Trip (3 hrs) 

Discussion {\ hr) ^ 
Performance. (2 hrs) 
Outside Assigninent (2 hrs) 

Instructional Environment/besiRn - 






a guide. 

• 




Field Trip (3 hrs) 

Laboratory (2 hrs) 
Study Hall (2 hrs) 

Grpup/liOckstep ' 










Instructional Guidance v . 
•During trip to base sewage plant, have students inspect sewage plant 
equipment for condition and necessary malnteqaiice. If weather is bad. 
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♦ , . -- -- J. 

PL^ OF INSTRUCTION (C»ntinut4 


^ JN '5 0^ 'N^'^vCTiON AND CKITCRION OiJECTIVSS 


OUKATION 
^ (HOURS) 
2 


SU^^ORT MATERIAtS AND CU>DaNCE 

3 


7. P.amp Maintenance 

\ " * 

a« Given conditions of a defective cea*- 
irifugal pmnp and a trotftleshooting guide, 
determine aid list the required maintenance 
for the pump. ^ 

b. Following written instructions, 
disassemble a centrifugal punip, inspect and 
replace defective parts, reassemble and 
connect pmnp to a drive asseitribly, and adjust 

lealkoige from 3 to 6f drops per^mindte during 
operational check. 


22 " 
(16/6) 
Days 51,52 
and 53 
(6/2) 

(10/4) 

/ 


use sewage trainer to perform required inspections* Gieck outside 
assignments dailyf Day 50, read SG VI-6, and answer questions on page 
72. 

Colunm 1 Reference STS Reference 

7a 7f(l) 

7b — 7f(l), lie 

Instructional Materials ^ 
SG 3ABRSft330-VI-7, Pump Maintenance 
WB.3ABRS63iO-V1-7rPl, Identification of Pumps and Parts 
WBJABR56330-VI-7-P2, Tearddwii, Reassembly^ and Operation of a 
Centrifugal Punip 

Audio Visual Aids . 

TVS 56-6, Centrifugal Pump Maintenance 

Training Equipment 
Centrifugal Pump (1) 
Turbine Pump (12) 
Axial riow Pump (12) 

Training Methods ' 
Discussion (4 hrs) 

OA JLUA U44Ut^^ \*^' AAA 0^ 

Outside Assignments (6 hrs) 

Instructional EnvironmentA>esign * ' 

Classroom (4 hrs) 

Lsd[)oratory (12 hrs) 

Study Hall (6 hrs) 

Group/I^ckstep 
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JPLAN OF INSTRUCTION (C«nfiiiv*4 i . | 


uni,i« ur In) l RUW l fUn Anu vnl 1 CRiuft UBJCwTiVC» 

1 


OUKATION 


SUPPORT MATEftlAL^ AND GUIDANCE * 






lustmctlonal Guidance \ 

Observe atuidents to insure that they are using correct wrenches. Stress 
haxard to equipment from over tightening nuts ^nd bolts, bisure each 
student has aligned pump withj motor to prevent shaft* and coupling 
damage. U pum(f has excessive leakage,have students recheck packing. 
Chedc outside assignments daily: D;y 51^ readSGVI<-7, Day 52^ review 
SG VI-j7. 


8. Wells and Well Maintenance 


8 * 


Column 1 Reference STS Reference 


5 ' 

a. Following written instructions/ 
identify types of water wells and constniction 
features. 

b. Folldwing written instructions, lirt « 
the methods, and. procedures for backwaahing 
a welly cleaning well screens, Mkd prevention 
of freeze up of wells. ^ 

^c. GiTen operating data and following 
written instructions, calculate static level, 
pumping level, and drawdo«(n, and calculate 
within + 1 ounce the calcium hypochloVite 
needed to sterilize a well that contains 1000 
gallons of water. ] , 


Days 53 
and 54 

(2/0) 

^ (2/1) 
(2/1) 


Instructional Materials V*' 

SG SABR56330-VI-8, Water Well Maintenance 

WB 3ABRSS330rVI-*8-rPl, Water WeU MaintenWce 

Training Methods ^ \ 
Discussioo (3 hrs) , \ ^ 
Performance (3 hrs) \ 
Outside Assignment (2 ^rs), 

•» 

Instructional Environment/Oeslf^ 

Classroom ( 3 hrs) s ' 

Laboratory (3 hrs) 

Study HaV. (2 hrs) 

Group/Lockstep ' ' ^ 
Instructional Guidance > \\ \ 


* 




Each student will compute (>roblems\nvolvlng static, levels, pumping 
levels, and drawdown. Day 53, answer questions on page 8^4 tn SO for 
outside assignment. ^ ^ | 


'LANOFiNST^^cT.CNNo. 3ABR56330 * 


DATE , 6 'June 1975 »Loc»fNo. yj \ PAor no^^iy 



fLAH OF INSTKUCTiON (CMtlny*4 



5 



-1 



DURATION 
^ (HOUHJ) 



SUPPORT MATCRiAUS AND CUlDANCr. 



9. Logs and Reports ' ' 



' a. Using AFM 85-13 and AFM 85-14 and 
foUowli^ written instrudtions, Identify the 
purpose of logs and reports used in water and 
waste processing. ^ 

b. u4MrAFll 85-13 and AFM 85rl4 as 
if;gMide and provided with related information, 
^ake t|ie proper entries in the appropriate 
AF f ori^ 



6 

' (6/0) 
Days 54 
and 55 

(2/0) 



(4/0) 



10. Related Training* (as shown in course 
chart) } 

11-; "Measurement Testjand Test Critique 



(2/0) ' 
Day 55 



Colunm 1 Reference ' 

?a r—r— 

9b 

Instructional J4aterials 



" STS Reference 
6c, il ^ 
6c, TL llib 12i^ 



Hp 



SG 3ABR5633D-VI-9, Logs and Reports 
WB 3ABR563S0-VI-9-P1, Logs and Reports 
AF Forms 708, 995, ^96, 14«0, 1461, 1462, 1463 
AFM 85-13, Maintenance and Operation of Water Plants and Systems 
AFM 86-14, Maintenance* and Operation of Sewage and Industrial Waste 
Plants and Systems 

Training Methods \ ^ 

Discus^on (2 hrs) * ^> i 

Performance (4 hrs) 

Instructionid Environment/beslgn 
Class^noom (2 hrs) ^7 
Labo^ktory (4 hrs) 
Group/Lockstep 



Instructional Guidance 



Issue one of each of the AFl0rms listed in column 3 to each student. 
Explain the use of eadi form and^have students make^roper entries on 
each form. Check outside assignments daily. Day 54^ read* pages 85-99 
in SG and answer questions on pages 99 and 100. 



':>■•. •.r'^'.'rfOM no. 



3ABR56330 



D*Te 8 June 1875 ' 



■LOCK NO. 



VI 
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PLAN OF IHSTRUCTIOH 


= .COU«St.T!TLE . - "^r ^, 

Environmental Su]^oH-SpeciaUst 


tLOCK TITLE / ] * ""^"^--^ 

Collection^ TransporCktiony and Dispoeal of Solid Wauste ^^^^^^^^r^^ 


U^ITS OF INSt#UCTiON AND CKlTERiON MJCCTIVES 


OUKATION 
^ (H0UIIS\, 


SUPPOKT MATERIALS AND GUIDANCE ^* 


1, Intipduction to Solid Waste Processing 

a. Given a list of vjiU^ious types of 
sdlid va4rte and three waste classifications 
(garbage^ de6rls, and rubbish)^ list each 
solid waste type under its correct 
classiScationr; 

0 

2, Duties of Solid Waste Monitor 

a. From provided information list the 
duties of the solid waste monitor* 


2 

(2/0) 
Day 56 

(2/0) 
* 

1 

(1/0) 
Day 56 

(1/0). 

* 


[Column 1 Reference STS Reference 

la ^ 13a, 13b{3), 13c, 13e{6) 

[nstructional Materials 

SG 3ABR56330-Vn-1, Introducticm to SoUd Waste Processing 
WB 3ABR5«330-Vn-1-Pl, Introduction to Solid Waste Processing 
AFM 91-11; SoUd Waste Management 

Trainljig Methods 
discussion (1 hr) 
Performance (1 hr) 

Instructional Environment/Design 
Classroom (1 hr) 
laboratory (1 hr) 
Group/Lockstep 

Stadent will complete workbook in class. Explain responsibilities of 
personnel. Prepare a list of various types of solid waste so students 
m^y accomplish criterion. , 

[Column 1 Reference •■ STS Reference ' 
2a > - 13b(l), lSb(2),13b{3),. 13e(l), 13e{2), 

13e(8), 13e(4), 13e(5), 13e{6) 

[netriictional Materials 

SG 3ABR56330-Vn-2, Duties of SoUd Waste Monitor 
WB 3ABR56330-VII-2-P1, Duties of Solid Waste Monitor 
AFM 9^1, Solid Waste Management 


PLAN OF INSTRUCT om NO. 3ABR563S0 


DATE 6 June 1975 b^o^'i^no. vn fao- 



Pt AH OF IHSTRUCTIONTCiiiT.^uia)^ 



itiijiT^ tij^Tfiit<"Tinij ktAti'CQtfftinu mtirc'T'ivP^ 

1 


- .DURATION. 
^ (HOUKS) 


3 






Training Methods 
Discussi<Hi (0.5 hr) 
irerioruUuice (v»p. nr^ 

Instructi<Hial Environment/Design 






Classroom (O.Shr) 
Laboratory (0,5 hr) 
Group/Ldckstep 






Instructional Guidance 






This presentation is a brief^overyiew of the duties for a solid waste 
processing monitor • ^ 


3. Solid Waste Collecticm Planning and ^ 


6 


Coluxnn l*Reference c STS Reference ' 


Procedures ^ 

* 

a. Provided information from AFM ^11 
list the factors to be considered when planning 
collection activities. 

Using AFM 91-11 and AFR 127-101, 
establish a set of safety precautions to be 

solid waste. 

c. Using AFM 91-lt and following 
written instructions, determine the best 
locations for solid waste picloip stations, 
and types of storage c(mtainers, 

y » 


(6/0) 
Days 56 
and 57 

(1/Q) 

1 

(1/0) 1 
.(1/0) 


3a 3c, 13e(l), 13,e(2), 13e(3), 13e(4), 13e(5) 

3b 3c, Idc, 13e(6) 

3c 3c. 13b(l). 13b(2), 13b(3), 13e(2) 

3d . 3c, 13e(l)» 13e(3) 

3e 13e(4) 

3f l3e(S) 

Instructional Materials 

SO 3ABR56330-Vn-3, l^olfd Waste Collection Planning and Procedures 
WB 3ABR56330-Vn-3-Pl, Solid Waste Collection Planning and 

Procedures t 
AFM 91-11, Solid Waste Management > 
AFR 127-101, Ground Accident Prevention Handbook * 
Base Map 

Audio Visual Aids 

FLC 9-251, It Mu8t be the Neighbors 
FLC 20-173, The 3rd Pollution 

■ * 


PLAN OF iNSTflfccTioi* NO 3ABR56330 
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0 



« ' PLAN OF INSTRUCTION (CMtiiiut« 


JK:TS of IN$TRUCTtON AND CRtTEftlON OtJECTlVES 


OUI^ATiON 
'.HOUKSr 


SUPPORT MATERIALS AND C."7A\Zi 

1 


d« Using AFM 91-11, Ust the frequency 
of collection of garbage, rubbUihi and dtebria 
for separate collections and combined 
collection, 

e. Given si base xnap which shows solid ^ 
waste pickup stations ^and location of the 
sanitary fill, lay out the most feasible route 
for collecting the solid waste. 

f. Given AFM 91-- 11 and a list of various 
types of collecting vehicles, pickup stations, 
and number of pickiqps per day, determine the 
number of personnel. required to perform 
supervisory responsibilities and driver, 
loader, and helper resp<»8ibilities, 

4, Solid Waste Collection and Transportation 

a. Given AFM 91-11, Ust the four 
commcm types of collection equipment. 

b. Given AFM .91-11 and various 
problems containing one pr more of the knoarn 
factor* in solid waste collection and disposal 
procedures, select the best suited equipment 
to accomplish the Job. 

c* Given AFM 91-11, list the rules for 
proper utilization, operation, and care of 
collection equipment. 


(1/0) 
(1/0) 
(1/0) 

3 

(3/0) 
Day 57 

(1/0) 
(1/0) 

(1/0) 


Training Methods 
Discussion (3 hrs) 
Performance (3 hrs) / 

Instructional Environment/Design 
Classroom (3 hrs) 
Laboratory (3 hrs) * 

Group/Lockstep • ' . 
fostructional Guidance 

This presentation will cover the planning for best pickup locations, routes, 
types of vehicles, number of personnel, and responsibilities for solid 
waste collection and disposal. Use of the base map will be introduced 
and discussed. Correlation of pertinent manuals and maps will be used 
to meet the (A)jectives. 

Column 1 Reference . STS Reference 
4a 3c, 13d(l) 
4b 3c, 13d(2) 
4c . 3c, 13d(3) 

Instructional Materials / 
SG 3ABR563S0--Vn-4, Solid Waste Collection and Transportation 

Equipment ^ 
WP 3ABR56S30-Vn-4-Pl, Solid Wa^ste Collection and Transportation 

Equipment 

AFM 91-11, Solid Waste Management ^ ^ 

Audio Visual Aids - - 
Training Film: MP 67-5, An Investment in Tomorrow 


= C*^ NSTHUCTION MO, 3ABR56330 


^^'^ 6 June 1975 bloc-^nc. vII ^^-^ - 51 



ERIC 



33 



.0 
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PLAN OF INSTRUCTION (CMt)nvt4 



'5 OF INSTRUCTION AND CRITERION O&Jf CTIVES 



5. Solid Waste Disposal Methods and Their 
Operation 



a* Given AFM 91-11, list the methods 
and operating principles of a sanitary landniU 

b. Given AFM.'91-ll, list the items to 
otNserve to determine the ^correct utilization 
of earth moringr eqaipment, 

c. Given AFM ^1-11, list the standards 
and operating principles of incinerators. 

d. Given kFU 91-11, Ust the items to 
observe when dcftermining the correct 
utilization of incinerators. 

e. After observing the equipment and 
operating procedures utilized by base sanitary 
landfill, name the e<{uipment and safety 
precautions observed. 



L 



CliOM MO. 



3ABR56330 



DURATION 
. (HOUHSl 



12 

(12/0) 
Days 58 
Mid 59 

(1/0) 



(2/p) 

(1/0) 
(2/0) 

(6/0)> 



■ \^ 

SUPPOHr MATER:*. 



Training Methods \ 
, biscussion (1 hr) 
iPerrormance (2 hrs) 

Instructional Envinmment/lDeslgn 
jClassroom (1 hr) ' ' ■ 
'Laboratory (2 hrs) * 
!Group/L(>ickstep. 

tostructiooal Guidance 

Emphasize the importance of proper selection and utilization or 
collection equipment. 



:Column 1 Refer ence 

?5 ' 

5b 
5c 

|5d ■ 

■5e 



STS Refe rence 

3c, mi) — 

3c. 13t(2) 
3c, 13f(3) • 
3c, 13ff3: 



.Instructional Materials 

SG 3ABR56330- Vn-5,. SoUd Waste Disposal Methods and Their Operation 
WB 3ABR56330-Vn-5-Pl, Solid Waste Disposal Methods and Their 

Operation 
:AFM SoUd Waste Management 

Audio/Visual Aids 

:sUdes MK 1-5, A Waste Land Saved . / 

, V 

Training Methods 
Discussion (3 hrs) 
.Performance (4 hrs) 
-Field Trip (5 hrs) 



DATE 



6 June 1975 



ULOCK NO. 



■^I 



!i2 



PL^ OF IHSTRUCTIOH (ContinueiO 



.NM RUCTION AND'CRIURION OBJECTIVES 



6« Sanitation in Solid Wafite Processing 



a. Provided information, list the 
sanitation practices to be observed by all 
activities related to the colleciion, trans- 
portation^ and disposal of solid wastes. 



7. Public Health and Nuisance Aspects 



a. Using AFM91--11, list the items that 

tern, 



would-be a health hazard or a nuisance to 



"ION NO. 



3ABR56330 



OUHATION 
(HOURS) 



SUPPORT MATERIALS'AND GUIDANCE 



1 

(1/0) 
Day 60 

(1/0) 



(1/0) 
Day 60 

(0.5/0) 



hytructional Envlronpaent/lPesign 



CbuMroom (S hrs) 
Laboratory (4 hrs) 
Field Trip (5 hrs) ' 
Group/Lockstep f 

[nstroctlonal Guidbmcc 

rake students oo.field trip to a sanitary landfill to watch the operation at 
:he fill and observe the equipment. Provide students with directions for 
tccompUsbing criterion objectives. 



Column 1 Reference 



Ja 



ST8 Refer ence 
ISc, ISg 



[nstructiohal Materials 

IG 3ABR58330-Vn-6, Sanitation In Solid Waste Processing 
7B 9ABRS6330-Vn-6-Pl, Sanitation in Solid Waste Processing 
FM 91rll, SoUd Waste Management 

* * 

rraining Methods ; 
discussion (0.5 hr) 
Performance (0«5 hr) 



Jtructlonal aayironment/Deslgn 
laasroom (0. 5 hr) 
iLaboratory (0.5 hr) 
proup/Lockstep 

Instructional Guidance 



iBmphasize t.he importance of sanitation when operating a solid waste 
jdispoeal system. 

Column 1 R eference STSReference 

3Cy 13c 



fa 
7b 



3c, T3g 



t>*^^ 6 June 1975 



bkZ^y NO. 



VII 
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ERIC 



I' 
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PLAN Of INSTRUCTION (CMtinuecQ 




lINilSOF INSltUCIION AHO CRITtRiON OiJCCTIVES 



b. Using information provided, list the 
disposal activities which will be coordinated 
with base medical services. 



8. Forms and Reports 



a. / Given the necessary information, 
complete AF Form 1452 In accordance with 
AFM 91-11. 



piAHo^ iNSTnucTiQH Nc. 3ABR56330 



DUUATION 
^ iHOUH$»- 



Instructional Materials 
8G 3ABR5e330-Vn-7, PubUc Health 



3 / 



•^OK* MATERIALS Af^0(:UiOANC^l 



— ^- .ww^^ ..^d Nuisance Aspects 

WB SABRS8330- Vn-7-Pl, PubUc Health and Nuisance Aspects 
AFM 91-11, Solid Waste Management^ ' 

raining Methods a 
Discussion (0.$ hr) 
Performance (6; 5 hr) 

Iytructi<ml Envir^^^ 



2 

(2/0) 
D^y 60 

(2/0) 



ClaMroom (O.S hr) 
Laboratory-(p.-5 hr)- 
Group/Lockstep 

histructtonal Guidance 
{Emphasize precautions for handling materials that woul<lvpose a health 
ihacard to disposal personnel. Also, clarif ylwhich disposal activities 
must ba coordinated with base medical servlSi^. 

I columnl R eference 

H"^ 



STS Refere nce 

3c/ im 13h 



Instructional Mate rials I 
SG 3ABRH390-Vn-8, Forms and Reports 
WB SABR563S0nVn-8-Pl, Forms and Reports 
AFM 91^11^1id Waste l^tanagement 

Training Metho<te \ 
Discussion (0.5 hr)^ 
Perfornuuice (1: 5 hrs) 

■ iMtnictional Environment/Design 



Classroom (0. S hr) 
Labortrfory (1.5 hr») 
Group/Loclcstep 



^^'^ 6 June 1975 




PA',{ MO. 



54 



PLAN OF INSTRUCTION (CMtinued) 



yNlTS OF INSTRUCTlOf) A^O CRITERION OBJSCTtVES 



9. * Rebtted Training (as shown in course 
chart) • 

10.* Measuretnent Test and Test Critique^ 



11. "Course Critique and Graduation 



'-.^'^ ^rr '^,:uoii nc 3ABR56330 



DURATION 
^ (HOURS) 



SUPPORT MA7ERU_i AS? J..' TiNCE 



10 



fastructlooal Guidance 

Emphasize the need to maintain accurite vrecords of all solid waste 
processing activities. *Emph^ize thaPthe information recorded in the 
records is used as a basis to'n^iptain and improve the operational 
{procedures and safety precautions of the solid waste collection and 
Idisposal system. ^ 



. (1/0) i 

Day 60 ; 

1 

(1/0) . 

Day 60 i 



:ate 



6 June 1975 



I, 



- / 



OLOCk HO^ 



vn 



-'••"0. 55 



ERIC 



'4: 



42 



/ 



LESSON TITLE 



•LocKTiTut Maintenance of Water and Waste 

. PrnnfiSBlny Svaf Am Pnmpnnpnfa 



External CoiToeion Control (Day 46) 



1 Hr 



TOTAU 



3 Hrs 



PAOK OATK 

6 June 1975 



l*ARAORAfiH 
1 



NUMUCR 

s 563X0 



STS/CTS RgFgHgNCE 



DATE 



OATK 



SIONATUflK 



eOUlPMENT UOCATCD 
IN L ABORATORY 


EQUt^ENT 
FROM SUPPLY 


crAKAr ION 

^ CLASSIPIEO MATERIAL 


GRAPHIC AIM AND 
UNCLASSIFIED MATERtAL | 


None 

1 — 


None ' 


None 

• 


SG Vl-1 
WB VT-l-Pl 
TF 5568 
SAFE 58 

V 1 



list types of corrosion, and meCiods of prevention. 



(1) 
(2) 



Corrosion process 
Types of corrosion 



(3) 1 Prevention of corrosion 

lb. Giveh samples of metals, determine kinds of corrosion on the metals and 
their prevention. 

(1) Corrosion products 

(2) Protective coating 
Isolation of dissimilar metals 



(3) 



ATC 



AUC 72 



. 770 



ERIC 



■13 



• ; 


* " \ » 


> • 
* 




- .ZO 




PRESENTATION V 


BODY (110 Min) 


■» 






i u « l*o i 1 oiif i iv: writ ret) i iistructions , define 
i!orro.s i oi)« .list. rtLctors for corrosion 
no occur, list types of corrosion^ and 
methods of prevention* 






c 


\ij vorrosion procoss^ 


- - - 


> •* 




(a) Defined as the deterioration of 

metal as the result of an unfavorable 

fttiviromnftnt ^ 

i 








« 

(b) Corrosion is caused basically 
by flov of electrical energy 
frcm one point to thev other* 


- 


p 

t 

') 


* 


(c) All metals have electrical potentials 

VoXtAiTik * 








(d) Rate of corrosion, will be in- 
relation to position on £MF 
sftrifts^ 

1 


\ 

\ 




- 


1 Metal with the higher 

electromotive force releases ions 

to the metal having the lower tHF. 

*\ 








g The higher electromotive force ^ 
the gi^eater corrosion rate* 








i 

f 


\ 

3 

J4 


V 


j 



(e) Necessary eXeaents for a 
corrosion cell. 



1 Anode 



2 Cathode 



Jt Electrolyte 



4 Metal bond 



if) Electrical iota carry snail 
particles of netal into the 
electrolyte. 



1 These are dissolved and 
exchanged for hydrogen ions. 



1 The hydrogen forms a f i3« 
on the cathode. 



1 This is the basic principle 
of galvanic- corrosion. 



(2) Types of corrosion 



(a) Galvanic corrosion 



1 Most coMMm 



ERIC 



45 



May be uMd for protection 
of equipient^ 



(b) Chemical atUck 



Ccnnon in water and sevage 
plants due to large amounts 
of chemicals being handled* 



g Easily controlled 



(c) All other types of corrosion 
lire related to one or tiie other 
of these two in some manner* 



(3) Prevention of corrosion 



(a) Eliminate any one of the 

elements necessary for corrosion 
' to occur for effective prevention* 



(b) Designing against corrosion* 



1 Materials that are corrosion 
resistant* 



Z Establish conditions that 
make it easier to combat 
corrosion* 



46 



lb, Girea auuqpleai of aetals^ determine 
kinds of corrosion on the netals 
and their prevention. 



(l) Corrosion products 



(2) Protective coating 



(3) Isolation of dissiaiilar metals v 



APPLICATION: 

Deteimine the . corrosion process, types of 
'corrosion, and given sauries of metal, 
determine the types of corrosion, protection 
required and how to isolate the metal surface. 
Complete SG 3ABR56330-VI-1 
and WB 3ABRS6330-VI-1-P1. 



EVAUJATION: 

Evaluate' by oral or written questions and/or 
observation- of student's performance during 
lesson. This may be accomplished at any time 
during lesson for increased effectiveness. 



CONCUJSION (5 Min) 



1^ 



COURSE MUMaCN 

3ABR56330 



VI 



^IHtTHUCTOH 



Environmental Support Speciallat 



[ Cathodic Protection (Dav 46) 



■uocK T.TL.E Maintenance ol Water and Waate Processing 
System ro mponenta * 



Cl >$SI(OOM/t A»0R;'T0RY 

2 Hrs 



LgSSON DURATION 
COMfU-MCNT/^nr 



1 Hr 



TOTAL 



PACC NUMBER 

40 



P0> RgygREMCg 

PAGE OATC 

6 June 1975 



3 Hrs 




NUMBER 

563X0 



$TS/CT$ RgPEHENCg 



QATC 



F 



Sir#N/TUrtf 



SUPERVISOR AP^OVAL 



28 jmv 1971 



OATK 



SI9NATURC 



IK MCR^^T ORY 



^ CatJiOdically 

* P vote .-red Pipeline 

i Mullimeter 



PRgCLASS PREPARATION 



OATt 



EQUIPMENT 
FROM suppuy 



None 



CUAISirnOKATERlAl. 



None 



Cf^lTgftlOH OBJECTIVES AND 1 EACHINC STEPS 



aRAy^HIC AIDS AND 
UNCUAMimO MATCRIAU 



SG VI-2 
WB VI-2-P1 
TF 6142 



— ' . ^ ' " 1_~ "i^fc* • b'^^nmu d I cr^ V " " " ' ' ""^ 

if ml^L'ilr'^'"'''' protection, iist the equipment protected by ... | 



V Cathodic (jrotection methods 
'■: Eqaijiment profected 



9'. 



( i "f th^ iniitaliation orocediu'es for cathodic protection' and the safety 



i.,;: ,ns tn observe when working with cathodic protection' systems' 
(/.) Installation procedures • 
(2) Electrical safety • ' 



XXC 77/1 



4S 



ERIC 



BODY (110 Min) 

PRESIKTATrpN; 

2a. Identify methods of cathodic protection, 
list the equipment protected by cathodic 
methods. 



(l) Cathodic protection methods 



(a) Theory of cathodic protection 



There is a flew of electrical 
current between any tvo 
metals connected together in 
tJie presence of an electrolyte 



If this current is stopped 
or reversed, corrosion will' 
not^occur 



3 In cathodic protection, 
the current is retarded 
by passing ah auxiliary 
current thini the electrolyte 
to the structure to be 
protected 



4 Structure becomes the 
cathode 



(b) Sacrificial anode method 



3 

49 



i Achieved by plating 
metal object vi tfa i 
higher IMF in the same 
electrolyte with aietal 
to be, protected 



Sacrificial anode will 
then flew current to metal 
that needs to be protected 



This will produce a hydrogen 
film around metal to be . 
protected etoppiiig all 
corrosion on the metal 
surfaces 



This is most economical . 
method of protection but 
not always the most effective 



(c) Impressed current method 



i Achieved by the addition of 
a direct current from an 
external source to increase 
amount of electrical current 
flow from aijode through electroljrte 



2 More expensive but more 
efficient 



3 Type used for protection 
of inside of overhead ' 
storage tanks 



ERIC 



US 



4 DC current is provided, by 

- t^Ppjpg •^c power lource 

and U3iiig a step down 
tr&nsf oxner and a rectifier 



(2) Equipnent protected 



(a) Overhead storage 'tanks 



(b) Ground storage tanks 



(c) Pipelines 



(d) Many others as long as they 
are in contact with an 
electrolyte and connected 
^ together electrically 



List the installation procedures for 
cathodic protection, and the safety 
precautic^s to observe lAen working with 
cathodic p^ot^ction systems* 



(l) Installatibn procedures 



(a) Sacrificial anode 



i Sacrificial anode must 
be as deep as t^e metal 
' being protected \ 



/ 



51 



Plpe->td^8oil potential 
must be loMred to at 
/ leaat mms 0«8 volts 



3 May be necessary to wet 
areas to increase transfer. 



(2) Electrical safety 



(a) (Jail electrician first 



(b) Turn off ac power 



(c) Tape all connections 



(d) Check system with voltage 
meter before starting york 



APPLICATION': Complete WB 3ABRS6330-VI-.2-P1, 
Cathodic Protection # 



WAU'AITON: 

,\ 

E/aluate by oral or written questions and/or 
observation., of ^student's performance during 
lessen. This may>e acconplished at any time 
during lesson for increased ^effectiveness. 



CpNCUJSIOK (5 Mia) 



SUMMARY: , 

1 




UEMOTIVATION: 



SHJDY^ ASSIG^WENT: 



Read SG 3ABR56330-VI-3 and. answer 
questions in the "back of the stud; 
guide , 



IMTHUCTOH 



AWNovAC'OrriCK and oatk^ 

TCETC/l7Jun7j 



ceuMK NuMacn 
3ABR56330 




VI 



COUNSC'TITUt 

Environmiental Support Sp^claUst 



•LOCK TITLE 



■ Drive Equipment and Accessories. (Days 4Vand. 47) 

' CIAS 



' ' Maintenance of Water and Waste Processingj 

System fnmp«nanf;f" ' 



SSIiOOM/LAiJOFtATOKY 

8 Hrs 



C0MPLi*4CMTA»'V , \ 

2 11^ 



PACE NUMaCR 

41 



POI BEFERCNcF 
/•AOS OATC " \ 

6 June 1975 ^ 



TOTAl^ 



10 Hrs 



MUM3£« ' 

563X0 



STS/CTS HgFERENCA 

OATC 



^ARACHAPH* 

3 



L.. 



28 July 1971 



SIGNATU/^E 



\ 



jyfCRVJSOft APPROVAL \ 

T r 



OATC 



flONATURC- 



OATC 



} e:ie!-tric\Mocor 
I Gasoline; \Engine 
* Drive E^uipmont 



EQUIriMCNT 
FHtfM SUPPLY 



None 



CLASSIPICO MATCRIAL * 


• 1 

CRA^HIC AIDS AND ( 
UNCLAtSiriKCLlilATKRIAL | 


None 

1 


SG vr-3. 

WB VI-3-P1 
WB VI-3-P2 
AFM 85-13 . J 



CRITEHION OBJECTIVES AND TEACHING STEPS 

' , 'iiowiug written instructions, inspect, start, operate, and shut down 
itiuiwe engine "driven wifter pucip and portable generator. 



(1; Instiection and maintenance system 

(2; Malfunctions that can occur 

(3; Minor maintenance' and servicing " 

(4/ Safety precautions 

(5: start \ 

(C> Operate 

C7) Shut down „ - ' 



ERIC 



LESSON PLAH (?vtj\, CmmaI) CONTINUATION 



SHEET 



CRITERION OSiECTIVES MO TEACHINS STEPS (Cantiifua^ 



^ € orgi 

• / Identification of drive equipment 
{;":' Ma*' iter'ance perJtormed by operator 

?-ruLntenance pevjiorrned by other oi^anizations 
i '. Safely pre cauUons 



\ 



3b. Using AFM 85-13 as a guide, perform an inspection of an electric motor 

and coxwect minor, discrepancies, 

, • ■> 

{'D .Ihspoction during operation 
■ [2.: mspections after Operation 
' (3) Malfuncti6ns>thai: can occur 
(4; Mjiintenaiice pv^rfoimed by the opei*ator 

, { "); .5affety precaution 55 

.»c. 1 J'.oyang written instructions, inspect equipment haying beu;s, chains^ 
;-.u., v.ui.,bj.e ::ijeod drived; xaplings; and shearplns. Report major maintenance 

to >!'L;ibl-€ organi^/ations. , 



\ 
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Course No: 3ABR56330 
Days: 46 and 47 



Branch 



Approval: l^l^^/MuA 
Date; /j-^ y.^^^ 



PART n 
. INTRODUCTION (5 Mln) 
CHECK PREVIOUS DAy»S STUDY ASSIGNMENT: 
REVIEW: * 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



\ 



\ 



Do 



BODY (470 Min) 

PRESENTATPN: 

3a.~ FollOMdng in^ritt^ instructions, 
inspect, start, operate, and 
shut down gasoline engine- 
driToi water pump and portable 
generator. |i 



(1) lospectibn and maintenance 
system 



(a) A well qualified 
operator can tell 
quickly if something 
is wrong with his 
equipment 



Il_:-S.o.und_ 



2 Speed 



3 Temperature 



(b) Daily inspections are 
normally made on one 
piece of equipment at 
a time 



\ 



\ 



Course No: 3ABRS6330 
Days: 46 and 47 



Branch Approval: jW'/yni^ 
Date: 

PARtn 



"INTRODUCTION (5 kin) 
CHECK PREVIOUS pArS STUDY ASSIGNMENT 
REVIEW: 



ATTENTION: 



OVERVIEW: 



\ 

MOTIVATION: 

\ 

I 

! 



3 



ERIC 



58 



BODY (470 Man) 

PRESENTATBDN: 

Following written instractions, 
inspect,, start, operate, and 
shut down gasoline engine- 
drivei water pump and portable 
generator. 




(1) Inspection and maintenance 
system 



(a). A well qualified 
operator can-tell - 

--^^uickiy if something 
^Ds^-wTOTg with his 
equipm^t^ 



1 Sound. _ _ _ 



2 Speed 



3 Temperature 



(b) Daily inspections arjs 
normally made on one 
piece of equipment at 
a time 



1^ Each machind has its 
" own distinct sound 



2 May be necessary to 
check more than one 
to determine where 
noise is coming from 



(2) Malfunctions that can occur 



(a) Failure to start 



1 Dead battery 




1^ Low water in cooling 
" system 



5 



60 



2 Low oil 



% 3 Broken or loose 
~ belts 



. 4 Leaks in cooling 
~ systems 

# 

>^-^"£V ' (c) Unusual noises 

1^ Misaligned coupling 
2 Bad clutch 
(d) Internal problisms 
1 No oil 

- — - — . 2 Bearings burned out 



ERIC 



< 



3 Burned valves 



4 Cracked. block 



Preventive maintenance 



(a) Mspections 



(b) Servicing 



(c) Lubrication 



(d) Cleaning 



(e) Minor maintenance 



(4) Safety precautions 



(a) Install guards over 
drive belts 



(b) ^ifltall guards over 
drive lines 



(c) Do not fuel tanks while 
operating engine 



(d) Provide ventilation 



(e) Do not touch hot 

manifolds and esdiaust 

-pipes^ 



(f) Keep hands and feet 
clear of all moving 
parts 



(g) Do not wear loose 
clothing at any time 



(5) Start 



(6) Operate 



(7) Shutdown 



APPLICATION: 

Students will inspect, start,\ operate, 
and shut down gasoline engine and 
portable generator. 



EVALUATION: 

Evaluate by oral or written questions 
and/or observation of student* s 
performance during lesson. This 
may be< accomplished at any l^me 

during"lesson"for=increased"^ = 

effectiveness. 



CONCLUSION (Day 46) 
SUMMARY: 



STUDY ASSIGNMENT: 



\ 



INTRODUCTPN (Day 47) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 
REVIEW: 



ATTENTION: 

OVERVIEW: 

MOTIVATION: 



PRESENTATION: 

3bi Using AFM 85-13 as a guide, 
perform an inspection of an 
electric motor and correct 
minor discrepancies. 

(1) Inspection during operation 



10. 



(a) Free from dirt or 
moisture . ' 



0^ Good air circulatibn 



(c) Bearing leaking oil 



\(2) ^pections after operation 



, (a) Lubrications^ 
•\(b) Cleahing 



(c) -6oupling 



(3) Malfunctions that can occur 



(a) Unusual noises 



(b) Sliiggish operation 



11 
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3c. Following written instructions, • 
inspect equipment having belts, 
chains, and variable speed 
drives; cot4>lingi9; and shearpins. 
Report major xadihtenance to 
responisible organizations. . : 



(1). Identification of drive 
equipment 



2 Flat 
~ 3 Rubber fiber 

4 Single/ multiple set 
(b). Chains 



1 Metal links 



(a) Belts 




\ 



1 V notch 



13 



2 Slow/raedium/high 
" speed 



3 Sprockets 



(c) Variable speed drives 



1 Adjxist speed during 
operation 



2 Enclosed hoxisinp; 



(d) Couplings 



1 Connect coupling 

~ to load " 



2 Metal • 



(e) Shear pins 



\ 



1 Prevent damage from 
overloads 



14 S3 



4i} 



2 Condition of bushing 



3 Rep|ace when worn 



V 



V 



(e) Shear pins 



1 Check 



of pin^ 



cause of breakage / 



2 Grease surface 



3 Keep aidequate supply 



on hand 



4 Make sure pins are 
~ right s'ize 



(3) Maintenance performed by 
other organizakions 



(a) Base CE s 



lops 



1_ Metal shop 



2 Electric shop 



\ 



\ 



(b) FieM maintenance 
1 Metal shop 




2 Corrosion ahag 



(4) Safety precautions 



(a) Do not operate unsafe 
equipment 



(b) Do not over lubricate 



(c) Mark lubricatioa 
containers 



(d) Be careful of loose 
clothing 



APPUCAHQN:, 

Complete WB 3ABR56330-VI-3-P1, 
Drive Equipment iand Accessories 

Using AFM 85-13 and following 
instructions, the students will inspect 
and correct minor discrepancies on: 



18 



a. Electric motors 



b. Belts 



" c. Chains 



d. Variable speed drives 



e. Co'q;)lings 



Shear pins 



EVALUATION: 

Evaluate by ora^ written questions and/ 
or observation of student's pexformance 
during lesson. This may be accomplished 
at any time during lesson for increased 
effectiveness. 



CONCLUSION (5Min) 

SUMMARY: 



19 



I 



REMOTIVATION: 



STUDY ASSIGNMENT: 

Head SG 3ABR56330>VI.4 and 
answer questions in the back of the 
study guide. 



?3 
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8 Hrs i 


PAGE NUMBER 
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STS/CTS REFERENCE 


563X0 


DATE 

28 July 1971 


SUPERVISOR APPROVAL 


SIGNATURE 


DATE 


SIGNATURE 
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PRECLASS PREPARATION 



EQUIPMENT LOCATED 
IN LABORATORY 



EQUIPMENT 
FROM SUPPLY 



CLASSIFIED MATERIAL 



GRAPHIC AIDS ANO 
UNCLASSIFIED MATERIAL 



Recorder 
Gate Valve 
Globe Valve 
Water Meter 
Pipeline Trainer 



None 



None 



SO VI-4 
WB VI-4-P1 



CRITERION OBJECTIVES ANO TEACHING STEPS 



4a. Using the pipeline trainer and following written instructions, stop a water 
leak by installing a compression coupling and calculate the chemicals required, 
'within + 1 ounce, to sterilize the repaired extension. 



(1) Method and equipment to make temporary repairs 

(2) Chemicals and method of sterilizing a pipeline extension 



4b. Using related information, identif^tocedu 
valves, and underground water-le 



s tor locating buried pipelines, ■• 

(ir List thc^ procedures used to locate buried pipelines and valves 

(2) List the methods and instruments used in locating water leaks in buried 
pipelines 



ATC T7D 

AUG 72 



ERIC 
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LISSOH PLAM (P«it 1, 6«Mfd) CONTINUATION SHIET 



CRITERIOM OUeCriVeS AMO TI ACMWC stem (CM»iii>M4 



4c» Using related information, identify procedures for thawing frozen pipelines. 



(4) Safety precautions 

4d. Following written. instructions, list the methods and procedures for preven- 
tion of back siphonage. 

j (1) Definition of back siphonage 

I (2) Causes of back siphonage 

'f . ' 

y , (3) Danger of back siphonage 



- (4) Techniques and equipment used to prevent back siphonage 
4e. Following written instructions, disassemble, repack, and assemble a, gate 



(1) Fire 



(2) Steam 



(3) Direct current (arc welder) 



i valva. 



(1) Types and purpose of valves 



(2) Maintenance required on valves 



4f. Following written instructions, inspect flowmeters, change recorder charts. 




(4) Ihs'pect flowmeters 



2 



-1 



Course No: 3ABR56330 
Day 48 



1 

Branch Approval : 



PART n - 

INlRQDUCnON (5 Min) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 
REVDSW: 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



ERIC 



B(M (3S0 Min) 

PRESmATTOV:/ 

4a« Using the pipeline trainer and f ollcwixig 
written instructions^ stop a water leak 
by installing a ccmpression coupling an4 
calculate the chemicals^ required^ witMn 
+ 1 ounce^ to sterilise tbe repaired extension* 



(l) Method and equipment to make 
temporary repairs ' 



Plugs whit^tled out to fit holes 



Iron cement placed in and over holes 



Saddle clasqps 



Ccmpression couplings 



(2) Chemicals and method of sterilizing a 
pipeline extension 



(a) Precautions for handling chlorine 
solutions 



(b) Repaired pipeline sections are 
blocked off and strong chlorine 
solutions injected in repaired 
section 



4 



(a) 

(b) 
Xc) 
(d) 



7V 



(c) A clalorine residual of 50 PJPM #ftcr 
a 24-hour contact period is required 



(d) After 24 hours, tiie pipeline is 
flushed with potable water until 
chlorine residual is noraal 



Using related ^infonaation, identify procedures 
for locating buried pipelines, valves, and 
underground water leaks* 



(l) Idst tile proceduires^used'^to^locate buried 
^^^_^ipelines in(rTU.Tes 



(a) Geophones (stethoscope) 



(c) Noise anplifier and ear phones 



(d) Metal detectors 



(2) List the methods and instruaents used 

in locating water leaks in burled pipelines 



(a) Vet areas indicate a leak below 



(b) -Obtain-a imp of the are* that shows 
water pipe location 



V 



(c) Listen for hissing sound of eaca^ 
^ water 



;e for, clear 



(d) Check jtearby 
water flow 



(e) Sound detection iaistruments 




Using related inf ofnation, identify procedures 
for thawing froien .pipelines 



(1) Fire 



(2) Steam 



(3) Direct current (arc welder) 



(4) Safety precautions 



(a) Use safe procedurea-vhen thawing 
frosen-pipeHnea 



(b) Have electrician oa hand ykitn using 
arc welder / 



follCfwing written inatructi o na > lis t . the - m eth ods 
and procedures for prevention of back siphbnage ^ 



(i) Definition of back siphonage 



(2) \ Causes ofjbjick^iphooage 



(a) li^proper plumbing design 



(b)\ Changes in later hook«-ups 




(c) Carelessness of users 



(3) Dangers of back^iplionage 



Danger of back siphonage is dependent 
on the aiiiount of pollution or type of 
pollution pulled into the system j 

(4) Techniques and equipment used to prevent 
back siphonage 1 



8:j 



ERIC 



Preventioiit Back siiphonage can be ^ 
pi«vented by itistining a d«vlce in 
the water line^that will itop any backf 
ward flow. This way be a check 'valve 
or' some companies build a backflow 
preventer. A. back flc*r preventer senses^ 
a drop in pressure ai^d vents ^ backflow 
to the atmosphjere ' 



4e. Following written instjructions, disassemble, 
repack, and^sseable a gate valve 



(i) Types and purpose ofj valves 

J • ' ■ ' . - ^ 

(a)^ Purpose: A deyice that stopa the 
flov or allovs an amount to flw 
through a systck 



(b) Gate valve 



I 



i Most 



• 1 



i Fully open or closed^ 



^ Least eiq^ensive 



(c) Globe valve " 



1 Zero flov to wide open 

8- 



81 



2 Withswxis erosxcn 



/ 



(d) Check'' valve 



1 No handle 



i Has flapper 



2 Prevents backflow 



(2) Maintenance required on valves 



(a) Valves vill eventually need ■ainteoance 
to stay in working order . 



(b) The wearing parts 



( 

1 Packing 



1 Stem 



i Seat • 



ERIC 



^2 



4f « Follondng written iastructions^ iiispect 
noWmetera^ change recorder charts^ and 
read water meters within + 1 unit. 



(l) Types of meters and dials 



(a) Purpose-register the amount of 
water that has flowed thro|i|^ a 
pipeline 



(b) Types of meters 



X Positive displaconent 



i Turbine or velocity 
^ Compound aeters 



i Vcaturi tube 



(2) Reading procedures 



(a) Sone meters have a direct rcadins dial 
and are read fro« lef t to ri|^t 



(b) «Sane are equipped with sereral saall 
dials around 'the register. These dials 
register in aoltiples of ten 



• 10 



(3) Servici3Q« recorders 



/ 

(a) Water meters are fairly accurate 
measuring dievices 

/ 

. . / 

/ 

/ 

/ 

(b) Ccnioa nteter failures are swoUea 
disc, scale clogged Ichaabers^ or 
worn Teeasiiring chamber and disc 



(c) Scale and rust may bel removed by 
a hi> solution of hydrochloric 
acid. • \ 



(d) /organic matter may be :^tm»ved by 
j, deiergents or solTents 

(e) Meters may be .diecked for accuracy ' 
by placing meter in series vitii 
a knowL accurate aster or by flowing 
a measured volste of Wter through 



the meter 

\ 

I 

I ' ' 

(f ) / Recorders are iised with meters and 
must be maihtainfti 



J, Purpose of recorders is to provide 
a pen4nent record of floir 
over a period of time \ 



2 Daily servicing of i recorders 



11 
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Changinc ^ chart 



1^ Align chart vilii correct tixoe 



£ Check ink supply in ink pen 



1 Periodic maintenance of re;corders 



^ Check pen txuyel 



^ Check calibration 



£ Clean all parts 



4 Lubricate all moving parts 



(4) Inspect flowmeters 



APPLICAnON: 

Using the pipeline trainer and following written 
instructions, stop a water leak by installing a 
compression coupling and calculate tiie chaaicals 
required to sterilise tiiie repaired extension* 



Disassemble^ repack^, and a8sead)le a gate valve* 

c , 

♦ • 

8-. 



a. Using the WB, have the students coaplete 
the section on valves 



b." feaution the student not to use pliers to hold 
soft brass stm of the valve 



Read water meters and record results 



Inspect a flowmeter 



EVAmnON: 

Evaluate by oral or written questions and/or 
observation of student's perfoinance during 
lesson. This nay be accomplished at any tine 
during lesson for increased effectiveness. 



CONCIZJSIQN (5 Min) . 



SUMMARY: 



REMOTIVATION: 



4 



13 



Read SG 3ABR56330->VZ-^ and wamnr, qiMstians 

at'the end 



14 
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VI 




COUUSC TITLE 

Eftvironmental Support Specialist 



•LOCK TITLE 



LESSON TITLE 

Chemical Feeders (Day 49) 



, 6 Hrs 



LESSON DURATION 

COMPtEMCNTAItr 



2 Hrs 



ROI RtPCWEWCE 



TOTAL 



8 Hrs 



PAGE NUMBER 

44 



^aceoate 

6 June 1975- 



-PARAGRAPH 

' 5 



NUMBER ■ _ ^ ^ 

^.563X0 



STS/CTS REFERENCE 



DATE 



28 July 1971 



SUPFRVISOR APPROVAt 



DATE 



SIGNATURE 



DATE 





PRECLASS PREPARATIOM 1 


SCUlPMcMT LOCATED 
IN i<,^eORATORV 


EQUIPMENT 
FROM SUPPLY 


CLASSiriEO MATERIAL 


GRAPHIC AlOt ANO 1 
UNCLASSIPIKO MATEPIAU | 


j Hypochlorinator, 
Pump, and Motor 
Fluoririiitor 


None 

CRITERION OBJECTIVEi^A 


None 

NO TEACHINO STEPS 


SG VI-5 
WB VI-5-P1 

/ 1 



(l; Type of chemical feeders 
(2; Selection of proper tools 

(3) DisaslJembly and assembly procedures 

(4) Techniques in repairing a hypochlorinator 
(5; Identify worn or dainajged^part-s- 
.(-6)— Safefy'precautions 



770 



ERIC 



Q r, 



' ■ \ '■ 

LESSON PLAN (Pwt \, Qmntml) COKTINUi^ATION SHEET 



CRITERION OBJECTIVES AND .TEACHING STEPS ^CentinuaJ) 



5b. Following written instructions, disassemble and reassemble a fluoridator. 

(1) Disassembly and a,ssembly procedures 

(2) Techniques iii repahing_a^ 
2^ (3)-— IdentTfywonv^^ parts 

« 

(4) Safety precautions 




I ■ 



\ 



J. 



rj'j'r, 770A 
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Course No:. 3AfiR56330 
Day 49 . 



Patftt /fjA^^rt< 



T7I 



PART n 

V' ' INTROOJCTION (5 Mln) 

CHECK PREViaJS DAY'S STUDY. ASSIGNMENT ' 
REVIEW: 



ATTENTION: 



OVSRVIEl-/: 



MOTIVATION: 



5 'J 



ERIC 



BODY (350 Min) 



mm ^ 



PRESENTATION: 

U« Following written instructions, disaaseable 
and reassemble a hypochlorinator 



(l) Types of cheadcal feeders 



(a) Solids, solutions, and. gases 



(b) Positive displacement or turbine 



(c) Manual, semi-autonatic, or fully 
automatic 



(2) Selection of proper tool* 



.(a) No pipe wrenches 



(b) Proper sized screw drivers 



(3) Disassembly and asseisbly procedures 



(k) Disconnect power 



/ 



(b) ' Disconnect all solution lines 



9i 



ERIC 



(c^ Disassembly 



(d) Assembly . 



(4) Techniques, in repairing 4 hypochlorinator 



(a) Check proper operation 



(b) Clean feeder veekly 



(c) Overhaul feediir annually 



(5) Identify worn or damaged parts 



(a) Diaphraga, belt, worn gear,, 
check valve 



Replace worn or damaged parts 



(6) Safety precautions 



(a) Purge feeder of all chemicals 
before starting any maintenance 



(b) Hand tighten all plastic yarts 



5h. Following written instructioM, disAsaeable 
and reassemble a f luoridator« 



(i) Disassembly and assembly procedures 



(a) ^Disassmbly 



(b) Assembly 



(2) Techniques in repairing a fluoridator 



(3) Identify %rom or dsmaged pasrts 



(4) Safety predtutions 



(a) Solution used in fluoridator is acid 



(b) Flush completely 



(c) Wipe up spillages 



APPLICATION: . 

Complete m -SABRseaaio^VI-S-^, Chattlc*^ Feeder 
Maintenance 

'9, 

. * 

ERIC \ . . . 



Using equipneat «ndi to6l3 proTided Md fdlloving. 
instruction^^ students, work in 4 group, to disasMnble^ 

/ and reassemble the 

y' • /'. • ■ ' . 

/ . a# Hypoch]j6rinator ^ * t 

: - // . ■ ' 

J X 

b. Fluoridator < \ 



EVAUJATION: 

V 

Evaluate by oral or written questions^ ahd/or 
observation of student^ s perfonaance duriUig lesson* 
This nay be accaqplished at any tiioe during lesson 
for increased effectiveness* 

o 



CONCUJSION (5 Min) 



SUMMARY: 



REMOTIVATION: 



STUDY ASSiraJMENT:, ^ t 

Read ^ 3A£R56330^VI«-6 and* answer the questions 

in ba^ck of the stud^r guide, 

0 . * 



**MOVA*. OFPieC ANO OAT, 

TCETC/l7Jun7 



COUNSC NUMtCN 

4 ^ 3ABR56330 

■ LOCK NUMtCR 




VI 

LCSSON TITLE 



LESSON Pt^AHC Pwtl, d*^) 



/ / 



JNSTRUCTOM 



COWMC TITLC 

Environmental Support Specialist 



•LocKTiTLf Mainte; 



Mauitenance of -^ater and Waste Processing 
System Components . 



Maintenanre of Sftwa^f> Plant Ehtiip niftnt mav snv 



- _ 6 Hrs 



UESSON DUUATIOH 



COMPUMCNTAIir 

2 Hrs 



J TOTAL 



8 Hrs 



PAGCNUMten. 

45 . 



POX ^tftntHct 



PACrOATC 

6 June 1975 



PARAQnAPH 

6 



\ r- ^ toaTtt ^ 

I ssasQ ^ 1 ^ Julv 1Q71 


1 SIGNATURE 


SUPCRVISOU 
DATE 


APFROVAt \ 


\ 1 






SfQNATURK 


OATE 1 



















j ♦ . -EQUIRMCNT LOCATED 
1 IN LABORATORY 


* FKCWLASd PR 

'equipment 

FROM'SURRLY 


1^ FAR ATI ON 

CLASSIFIED MATEKIA^^ 


OMAPHIC aids ANO 
UNCLAltl>;<gO MATCHIAI. 


Sewage Trainer 


None ^ 

f 

r 

I 

t 

} 


None 


SGVI-6 
WB VI-6-P1 
AFM 85r.l4 



CKITg^lOH OIJECTIves AWO TEACHING STEPS 

6a. Using AFM 85-14 and following written instructions, Ust the maintenance 
required for grit chambers, shreddei^s, bar screens, and sedimentation tanks. 

(1) Inspection requirements 



(2) Use of AFM 85-14 



6b. -Following written instructions, determine the items of irispection and 
maintenance required for a sewage lift station. 

(1) Pump maintenance 

J?l Alternator adjustmenit 
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1 6c. Using A FM 85 -14 and following written instructions , list the maintenance 
required fpr digester, trickling filters, separators, and processing equipment. 
/ ■ _ , 

(1/) Inspection requirements 

^ .(2) Maintenance adjustments 

|"6d. / Using base sewage plant (or sewage trainer during bad weather), inspect 
sewage lift stations, grit chambers, shredders, bar screens, sedimentation tanks,' 
digesters, trickling filters and processing equipment for required maintenance usii 
[class notes .as a guide. • • 

(1) Insiwction of sewage lift station, ^rit chamber, shredder, bar screen, , 
J sedln?entafion tank, digester, trickUng filter, jand-processing-equipment duriiK- 
yfieldtrip. -\ * / 

' ' ' I ' ; 

(2) Deficiencies detected and required corrective maintenance actions ' 

ll ' ■■ - - ^ ■ 

1. 



^ 
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Course No: 3ABRS6330 'Branch ATOroval;-^,/A f^i ]^.}^/ 

. I^ay* 50 Date; JS^ jO^^ -y <f 

PART n 

INTROODUCTION (10 Min) 

CHECK PREVIOUS MY'S ASSIGNMENT: 

REVIEW: 

\ 

"* * • • 

ATTENTION: 



4 



OVERVIEW: 



\ MOTIVATION: 



Q7 
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BODX (340 Min) 



' PRESENTATION: 

.6a. Using AIM 85-14 and following written 

instructions, list the nudntenance required 
for grit chambers, shredders, bar screens, 
and sedimentation tanks. 

» * 
c \ 

(l) Inspection requirienients 



(a) Grit chambers 



1 Lubricate and service reducers 

0 ' 

2 Lubricate shaft bearing 



2 Grease drive chains 



4 Service chain and sprockets 



'5 Inspect lofwer bearing of grit 
washer 



(b) Shredders and bar screens 



i Daily inspections 



2 Lubrication of bearings 



3 Inspection of cutting edges 



a Sand and grit toll dull 
cutters 



b Replace with new or resharpened 
cutters 



4 Cleaning procediures 



a Clean shredders of grit weekly 



b Clean bar screens each shift 



(c) Sediinentation tanks 



X Inspection and maintenance of 
chains and sprockets 



Check for wearing and cracks 



b Turn chains once to prolong 
life of chains 



£ Sprockets have to be replaced 



EHIC. 



9U 



2' Repiir of scrapers 



St Replace^ wooden nights 



Weld ncv scraper to old 



2 Cleaning and lubri<?ation 



a No lubrication for cqtiipncnt 
under water 



^ Chains receive grease from 
sewage 



£ Annually punp out tank for 
inspectiLoa \ 



4 Daily hosing prevents odors 



4 t 



(2) Use of AIM 85-14 



(a) Reading and understanding of 
maintenance frequencies 



(b) Guide for perf omiSig maintenance 

/ . 



6 ^ 
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6b* Following written' instructions^ (ietennine 
the items of inspection and maintenance 
required for a sewage lift station • 



(l) Pump maintenance 



(al) Check for rags clogging pumps 



(b) Adjusting packing gland 



( 2 ) Alternator • adjustments 



(a) Operated wit^ 2 pumps 



(b) High and Low flow 



(c) Alternate pumps weekly 



6c* Using AfM 85-14 and following writtm 4> 
instructions, list the maintenance 
re'quired for digester, trickling filters, 
separators, and processing equipnent, ^ 



(l) Inspection requirements 
(a) Digesters 

7 
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i Inspect digester outside walls 
for cracks and c h alki j g 



2 External pipes and fittings 



(b) Trickling filters 



.1% 



i Distribution system 



a Flush -arms ^ 



b Adjust, guy rods 



£ Clean jets 



i Cleaning filter media 



^ Flooding 



* b Chlorinating 



(c) Separators 



i Aerate grease 



.. 8 
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T Industrial waste 



(d) Processing equipnent 



1 Purpose 



2 Use 



(2) Maintenance adjustments 



(a) Digesters 



Check digester cover for leaks 



2 Seasonal conditions 



* (c) Separators 



1 Adjust £tir ccmpressors 



2 Check oil level in air catnpressor 



^ Check and service air cGoq;)ressor 
^ intake filter screen as necessary. 



ERIC 
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Processing equipment 



i Check processing equipment such 
as drying beds^ waste gas 
burners^ &nd boilers 



2 Flush sludge lines on 
^ sedijnentatxpn tanks 



^ 5rain drip trap to waste ^gas 
^ burners every 24 hours 



4 Check and adjust pressure relief 
assembly 



5 Maintain and adjust flame 
^ arrester and flame trap 



6 Sludge withdrawal -in sedimentation 
tank 



7 Sludge withdrawal to drying 
beds 
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6d* Using base sewage, plant (or sewage 

trainer during bad weather), inspect V 
sewage lift station, grit chambers, 
shredder, bar screens, sedimentation tanks, 
digesters, trickling filters, and processing 
equipment' for required maintenance using' class 
notes as a. guide* 



(l) Inspection of sewage lift station, grit 

chamber, shredder, bar screen, sedimentation 

. • tank, digester, trickling fUter, and 
processing equipment duidng field trip. 



(2> Deficiencies detected and' reqtdlred 
corrective maintenance actions* 



APPLICATION: 

1. List the required inspectiorLand maintenance 
for the sewage lift station, grit chamber, ^ 
shredder, bar screen, sedimentation tattk, 
trickling filter, separator, and processing 
equipment • 



Observe the deficiencies and dctennine th« 
corrective actions an field trip to base 
sewage plant. 



/ 

EVALUATION: 

Evaluate by oral or ^rritten questions, and/or 
observation of student's performance during 
lesson. This may be accomplished at any -time 
during lesson for increased effectiveness. 



5 

t 
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CONCIUSlbN (10 Min) 



SUMMARY: 



REMOTIVATION: 



STUDY ASSIGNMENT: ^ 

Re*d and answer questions in study guide 3ABR56330- 
VI-7, and workbook 3ABR56330-7-P1, Pump Maintenance. 
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16 Hrs ' * 



COMnEMENTAKY 



6 Hrs 
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i2 Hrs 
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7a. Given conditions of a defective centrifugal pump and a troubleshooting guide, 
determine and List the required maintenance for the Damn. 



required maintenance for the pump. , 
(1 Purposes and types of pumps, 
(2* Operating principles of centrifugal pumps 
(3; Identify major parts of a centrifugal pump / 
(4, Inspection and maintenance requirements ' 



ATc 770 



ERIC 



1% 



^ LESSON PLAH (Ptrt 1, Gtntrol) CONTINUATIOM SHEET 



CRiTEAlON OBJECTIVES AND TEACHING STEEPS (CMtinw*^ 



7b, Following written instructions, disassemble a centrifugal pump, inspect and 
replace defective parts, reassemble and connect pump to a drive, assembly, and 
adjust leakage from 3 to 6^dx:i|ps per minute during operatioml check. 



V 



I". 

f 



(1) Selection of .prope/tools - ' 

(2) Pump disassembly \ 

(3) Pump assembly 

(4) Connection of pump to drive unit 
i'5) Operational procedures 



J 



< « 



i 
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PART II 
INTOODUCTION (lO Min) 



CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 
/ 

Rf'JV'IISl/: 



\ 

\ 

ATTENTIW :\ 



OVERVIEW: 



MOTIVATION: 



ERIC 



nODY (940 Min) 



0 



7a ♦ ' Given conditions of a defective centrifugal 
piunp iXi'id a troublesliooting guide,> determine 
and list tlie required 'maintenance for the pump. 



(l) Piirposes and types of pumps 



(a) Purposes of pumps 



(b) Types of pumps 



1 Centrifugal 



2 Axial flov 



3 Mixed flov 



4 Turbine 

4. 



5 Ejector well 



o Air lift 



7 Reciprocating well 



S Rotary: 



9 Piston* 



(2) Opera tij\5 principles of centrifugal pumps 



(3) Identify major parts of centrifugal pump 



(a) Pump body 



(b) Pump shaft 



(c) Impeller 



(d) Packing gland 



leJ^PackingJand l antern rin g 



(4) Inspection^d maintenance requirwnents 



APPLICATION: Given conditions of a defective 
ccntrifu/?al pump and HO 3ABR56330-VI-7-4I1, 
Troubleshooting Guide, have students to determine 
and list the required maintenance for the pump. 




(f) 



Suction an'd discharge nozzle 



Have "student to couplet e \B 3ABRS&330-VI-7-P1, 
Identif-ication of ?mps and ,Parts_, 



KTALrATlO:: 

SValucite hy oral or written questions, and/or 
ob.servation of student's perforroance during lesson. 
This mav be accomplished at any time during lesson 
for increased effecti\'eness. 



, ^CONCLUSION (Day 51 ) 



STUDY ASSIGNMENT: Answer questions in back of 
SG 3ABR56330-.VI-7 



-INIR0DUC1I0NJ1AYL52_ 



CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 
REVIE17: 



112 
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OVERVIEW/: 



MOTmnON: 



PRESENTATION: 



7b. ' Folldving written instructions, disassemble 

a centrifugal pump^ inspect and replace defective 
parts, reassemble and connect pump to a drive 
assembly, and adjust leakage from 3 to 6 drops per 
minute during operational check* 



(l) Selection of proper tools 



(2) Pump disassembly 



(a) 



Bolt removal 



(b) 



Pump separating 



(c) 



Impeller removal^ 



7 
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(d) Shaft removal 



(e) Packii:/: removal 



(f) Bearing removal 



Pump assembly 



(a) Install shaft aad lantern ring 



(b) Install impeller 



' (c) Tnatall top casing 



(d) Selection and cutting of packuig 

1 

71 Explain selection 'of packing 



2^ Rxp^^^» hov to cut pacldng to 
fit shaft sise 



1 Install packing, repUce aum nambtr 
of packing rings behind lantern ring 
as were taken out 



^ Replace packing eland ^ 1 ^ 

♦ 

8 



(4) Coimection of piunp to drive unir 



(a) Alignment 



(b) Secure pump to foundation 



(c) Connect piping 



(5) Operational procedures 



(a) Activate power supply 



(b) Check for vibrations 



(c) Check for overheating 



(d) Check water discharge 



(e) Adjust packing^ gland to allow a leak 
of 3 to 6 drops per minute from packing 
gland 



ERIC 



APPLICATION: 

4 

O 

Foll<wi:)g wricteu ii^structions, have students^ 
disa^scnMc a centrifugal pump^ inspect and replace 
defective, parts, reassemble and connect pump to . 
diuve assembly and adjust leakage from 3 to 6 drops 
per mlmtte duriia<; operational check* Use V/B 3ABR56330* 
VI-7-P2, 



EVAUJATIOM: 

Evaluate bj' oral or vritten questions and/or 
observation of student's performance during lesson. 
This may be accoaplished at any time during lesson 
for increased effectiveness. 



CONCmSION. MY 52 



STUDY ASSIGNMENT: Read SG 3ABR56330-VI-8 



10 



4 



OVERVIIW: 



MOlTVAnOK: 
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PRESENTATION (Continued) 

FolltWinr- written iniJtrwctibns, Imve students 
disu;:so's^Jo a centrifiigil piunp, inspect and replace 
O.o:v.v i .o parti:, i cassen;-. Ivi and connect pump to . 
drivo a^;.scni>3v, and adjust leakage from 3 to 6 drops 
p^r minute during operational clveck. 



APPLICATION: (Continued) 

Following written instructions, have students 
disassemble a centrifugal pump, inspect and replace 
defective parts, reassemble and connect pump to 
drive assembly' and adjust leakage from 3. to 6 drops 
per minute during operational check. Use WB 3ABR56330- 
VI-7-P2. 



bTAIUATION: ' ^ 

Evaluate by oral or written questions, and/or 
observation of student's performance during lesson. 
This my be accon^lished at any timp during lesson 
for increased effectiveness, 

o 



CONCUJSION (10 Min) 



SUMMARY: 



REMOTIVATION: 



SIDS'T ASSIGNMENT: NONE 
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PARAGRAPH 
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1 DATE " 

28 July 1971 


SUPERVISOR APMOV^ 


^ SIONATURE 


DATE 


^""^ SIONATURC 


DATE 
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> 






/ 














PRECLASS PREPARATION 


EQUIPMENT LOCATED 
SN UAtOR4^TORY 


EQUIPMCNT 
FROM SU^PLV 


' CLASSIPICD MATERIAL 


GRAPHIC AIDS AND 
UHCLASSIPICD MATERIAL 


None , 


None 


None 


SG VI-8 
WB VI-8-P1 

• 




CRITERION OSJECTIVES AND TEACHING STEPS 








8a. Following written instructions, identify types of water wells and construction 
features. 

»« 


(1) Water formations 

(2) Types of wells- 

(3) Water well construction 








\ 

•> 


8b. Following written instructions, -list the methods and procedures for back- 
washing a well, cleaning well screens, and prevention of freeze up of wells. 


(1) Purpose of backwashing 

(2) Techniques .used in backwashing 

(3) Purpose of well screens \ 

(4) Types of well screens \ 

(5) Techniques used in cleaning well screens 






-^TC ;«r7Z .770 
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LESSOH PLAN (Part I. S«Mf«l) CCMTtMUATIOM SHIET 



CRITERION OBjeCTIveS ANOjTEACHINO STEK^MtlnuW) 



8c. Given operating data and following written instructions, calculate static level, 
pumping level, and drawdown,, and calculate within ± 1 ounce the calcium hypo- 
chlorite needed to sterilize a well that contains 1000 gallons of water, 
. . ♦ , 

. (1)' Definition of terms ^ . 

(2) Mathematical formulas relative to well production 

(3) Causes of well contamination 

(4) Mathematical formulas for disinfection 



J" 
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Course No: 3ABH56330 
Days 53 and 54 



Branch Approval: 
Date: 



I. 




PART n 
INTRODUCTION (5-Min) 
CHECK PREVIOUS DArS STTJlk ASSIGNMENT 



It / 



REVIEW: 



ATTENTION: 



ove;rview: 



MOTIVATION: 



121 



BODY.(350..Min) 



PRESENTATION: . , ' * ^. 

( 8at Following written instructions, 
identify types of . water wells ' 
and construction features. 



(D— Watejpjormations 

* (a) Starts from rain or 
' . snow "^^ 

t * 

0 



(b) Trapped in impervious 
' layers* , ' ^ f 



(5) Flows in aquifers of 
sand or gravel 



(d). Top of underground 
' water is called the ^ 
• water tabj^e . 



{2) Types o^ wells 



(a) Bored 



(b). Dug 
(cf Driven 



(d) DrUled 



'/ j;e). Jetted 



Is 



(f) \ Artesian 



(3) , Water well'construction 



(a) Water wells are most 
often drilled by 
contractors'- 



(b) \yater wells may var^ 
in depth .' , 



N 
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(c) Water well casings 
extend from above 
gtound level to top 
of the water ^aiing 
formation 



(d) Casing prevents 
' surface contamination 
^ and well from caving 
in 



■ 1 



i 



(e) The well should 
penetrate the full ' 
depth of the water 
bearing formation 



.(f) No standing water . . ) 

' aillowed within 50 feet . ^ 

,of well head " . 



APPLICATION: 

Have students accomplish 
WB 3ABR5d330-VI-8-Pl, 
questions 1 through 14. 



EVALUAriOK: 



Evaluate by oral or written questions, 
and/or observation of student's 
performance during lesson. This 
may be accomplished at. any time 
during lesson for increased 
effectiveness.- 



CONCLUSION (Day 53) 



SUMMA|iy: 



STUDY ASSIGNMENT; 

1. Review SG 3ABR56330-VIr8 and 
answer questions at end of 
chapter. 

2. Read SG 3ABR56330-VI-9 



' . INTRODUCTION (Day 54) 

CHECK PREVIOUS DATS STUDY ASSIGNMENT 
REVIEW: 



bVERVEBW: 

\ 



MOTIVATION: 



PRESENTATION: 



8b. Fbllowing written instructions, 
list the methods and procedures 
for backwashing a well, cleaning 
well' screens and prevention of 
•> fr^ze vp of wells. 



(1) Purpose of backwashing 



(a) To dislodge silt 



}) iBreak i^) crusts 



:) C|lean-pores of 
formation 



8 
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(d) Restore unrestricted 
flow 



(2) Techniques used in 
backwashing 



(a) Reyerse^f low-of~wateT 



(b) Surge, water in well 

(c) Pressurize well 
(dry ice) /■ 

• 

(3) Purpose of well screens 
(a) Siq)ports the formation 
"4b) Prevents caving in 



(c) Permits water td flov? 
in well 



9 



(4) Types of well screens 



(a) Reinforced wire mesh 



(b) Thinly slotted sections 
of pipe 



(c) Perforated pipe 
sections 



(d) Finely spaced wire 
,wound on a structural 
skeleton . 



(5) Techniques used in cleaning 
•well screens 



(a) Balckwashing 



^ (b) Surging 



(c) Pressurizing 



(d) Acid treating 



(e) Remove from well 
and clean mechanically 



(6) . Methods of prevention of 
f reeze jp_o£ wells 



(a) Continuous pump 
operation lessens 
chance of. freezing 



(b) Construct a shelter 
over well 



ERIC 



8c. Given operating data and 
following written instructions, 
calculate static level, pu&ping 
level, and drawdown, and 
calculate within + i ounce the 
calcium hypochlorite needed to 
sterilize a. well that contains 
1000 gallons of water. 
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(1) ' Definition of terms . ' 



(a) SUUc level 



1- Top of the \vater 
~ table before 
piunping 



2 Highest level 
~ water, will rise 
in a water well 



(b) Pumping, level , ' ' 



1 Elevation of the 
~ water level while 

water is being 

pumped 



2 ' Level is dependent 
" on amount being 
pumped and amount 
flowing into hole 



(c) Drawdown 



l~Dif£erence-betweeir 
" static level and 
i>uinpixig level 



2 Rate, of pumping 
~ depends on the 
drawdown and 
wells ability to 
recover 



(d) Yield 



1 Maximum yield 



2 Desired yield 



3 Safe yield 



4— Specific capacity 



(2) 



Mathematical formulas 
relative to well production , 



- . \ 

[a) Conversion of psi 
(psix2.31 - ft) 



I 

Static lever^EengtlT^ 
of^teUtale - psi 
before pumping x 2. 31 



(c) Pumping level a length 
of telltale - psi 
- while pumping x 2. 31 



(d) Drawdown = psi 
before pumping - psi 
while pumping x 2. 31 
(or static level - 
punqiing level = 
i^awdown) 



(3) Causes of well contamination 



(a) Contamination during 
drilling 



'(b) Surface wafer 
contamination 




\ 
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(4) Mathematical formulas for 
disinfection 



(a) If pipe dimeni^ion is 

I in inches 

i V r2 

— — X length of 

pipe inftx 7.48 - 
gals 



(b) S pipe dimension is in 

j feet 

ITr^ X length of pipe 
inftx 7.48 « gals 



(c) lbs CI2 - 



gals H9.O X 8. 34 X wnx 

iro(to,6b(5 



(d) lbs CU 

(use decimal value for 
%HTH) 

(e) Chlorine solution best 
(150 PPM) 
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(f) Mlxe^^ rubber or _ 
crock containers 



(g) Poured into well head 



APPLICATION: 

Given operating data, calculate 
static level, pumping level, draw- 
down of a well 

a. Telltale measurement 
(see AFM 85-13, page 338) 

b. Compute drawdown using- 
problems in AFM 85-13, 
page 339,, and page 28 in 
WB 3ABR56330-VI-8-P1 

Calculate the amount of calcimn 
hypochlorite required to provide 
the minimum strength ^solution 
to disinfect a well with 1000 gals 
water 

* ♦ 

EVALUATKN: 

Evaluate by oral or written questions, 
and/or observation of student's 
performance during lesson. This 
may be accomplished at any time 
during lesson for increased 
effectiveness. 
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CONCLUSION (5.Mln) 



SUMMARY: 



REMOnVATION: 



STUDY ASSIGNMENT; 
None . ' 
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PURPOSE OP STUDY GinDES AND WORKBOOKS 

?^ ^'^^A^.SSff^J???? pubUcatlons authorized by Air Training 

Conunand (^TC> for studei* use In ATC courses. 

f"??" ^f^^ presents 'the Infonhatlon you need to complete the imlt 

**^i2T'?r^*"» °^ assignments for you to read In other pubUcatlohs which 
.contain therequired Information.' puouwwons wmcn 

ITie WORKBOOK JWB) contains work procedures designed to help you achieve 
the learning objectives of the unit of instruction. . Knowledge ac(iuired from 
ustag tte student study guide win help you perfomi the missions or exercises, 
solve, the- problems, or answer questions presented In the wortoook. 

THE STUDY GUmE ANDWORKBOOK(SG/WB)contalnsboth SGandWB material 
und» one cover. ' The two training pubUcationa may be combined when the WB 
is not designed for you to write in, or when boto SG and WB are Issued for you 
to-keepi . \ 

■ _ ■ ^ . ' • ;\ . 

Tralnii^ pubUcatlon^ are designed-for ATC use 6nly. They are up^ted as nec- 
essary for training purposes, but are NOT to be used on the Job as authoritative 
references in preference to Technical Orders or other official pubilcatlons 



\ 
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INTBODOCTION TO EXTERNAL CORROSION CONTROL 



OBJECTIVE 



The purpose of this study guide is . to help you understand 
the processes by which metal corrodes and to help you preyent 
corrosion. You must be able to recognize the common types "of 
corrosion eaxd know the most effective methods used to prevent 
corrosion of plant equipment more effectively. 

INTRODUCTION 

Corrosion is the nattaral process gf inetals changing back 
to their natural state. Corrosion is essentially the same in 
all metals. However /the rate of corrosion will vary with 
different types of vaetal, and more so in different environ- 
nients. Therefore ^ corrosion can be defined as the deterioration 
of metals as a result of an unfavorable environment. This study 
guide will discuss the basic causes of corrosion, types of 
corrosion, and methods of preventing corrosion 'under the 
following main topics: . 

THE CORROSION PROCESS . 

TYPES OF CORROSION 

PREVENTION OF. CORROSION 

This study guide will not contain all of the information 
you need to know about corrosion. Therefore, the research of 
the reference material ^ at the end of this study guide is highly 
recommended. 



THE CORROSION PROCESS 

We already know that corrosion of metal is the deteriora- 
tion as the result of an unfavorable environment. We need to 
know what causes some of these vmfavorable environme^its . 



For many centuries there seems to. have been littl^ 
curiosity regarding the causes of corrosion, aLL though" a few 
significant observations were made. Due to the results of 
these observations many extensive studies have been made in the 
last few years. From these studies it has been determined that 
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the control of corrosion is a very important factor in the 
Corro«?on%?f'^e^^^"^ operation of water and wiste sys?eS! 

"til^ty systems can interfere seriously 
accomplishment of the base mission by causing plant 
shutdowns for repair and riehabilitation. • it has been dete?- 
n4ned by the National Association of Corrosioh Engineerrthat 

bm?on°Snt? l°«s«« in excels of S 

billion dollars annually The Air Force's share of this huge 

ne^%if L-eSri-"^'''°? ^'^^ annually. ThS Lphlsizes' 
zne need for an effective control program. Such a control nro- - 

11^ hfS;°^ eliminate all corrosion, but it can redScH? bfa 
very. high precentage. xu «y a 

^^r.^ „ u"t^ ^"-"^ understand some of the basic facts about 
corrosion before you can effectively control corrosion. The 
corrosion process is the deterioration of metar in t?e process 

iL^t " changes into a different 

substance. An example is the rusting of iron. The iron . 

ThT^illrrrt^ through a chemical change or chemical reaction. 

iron^?T-^''°S '■1°'' <^"st> " the process o? 

iron changing back to its natural state. If you could collect 

!?roncrSo?et'' °^ smelteLd^into usSir' 

in «„«^!;j^o^®^®''n°f^ii°^ °^ *s corrosion takes place 

f several different fomis which will be discussed later 
in this lesson in more detail. The most common types or fo^ml 
of corrosion that you will be dealing with in wate^and was^^ 
corro^fin^ ^iJ^ be either Chemical o? Elect^oc^SScarattack 
corrosion. These two types or forms of corrosion are caused 
oSer! ^ °^ electrical energy from dne point to the 

Where does this electrical energy come from? Ve all have 
eSS^ah*?i^ knowledge of electrical energy, but in most cases not 
s?on^cur?en?s! ^^^"^^"^^"5 °f electrical energy and corro-, 

4.U * ^'^^ metals have electrical potential voltage. This is in 
the form of stored electrical energy, it might be said ?h a? 
this energy or potential voltage is trying to find a place to go. 
^^n^v^rr""^^*^- together- in the presence of an elec- 

lllirtwl^^ ^i^"^^ or moist' substance that will conducre!ec?ri- 
ItZL^ one having the higher electrical potential gives up or 

poien?Ul! "^^^^^ ^^^^"^ 1°^" electrical 

oi« 4. "^^^f ?^ elec;tricity, together witk the particular 

electrolyte involved, qreates a favorable environment for tL 
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metal having the highest electrical potential to corrode* The 
order of electricail potential of the different common metals is 
given in the E.H*T. (Electromotive Force Series Chart) showii in 
figures 1* The speed and intensity of corrosion are determined 
by the amount of separation of the metals in the E.M*?* series* 
This can be seen by reading the voltage potential in the 
extreme right column of the series chart. Therefore r the 
greater the separation the gj^eater the change for a corrosion 
cell to exist* 

The £*M*F* series was developed through experiment and by 
measurement of the difference in electrical potential of these 
metals* ^e difference in electrical potential is caused by the 
atomic structure of the metal which has been developed over 
countless years by many scientists* In block I of this course 
you studied atomic structure to the extent necessary for this 
field of study; therefore # it will not be developed further in 
this course* 

ELECTROMOTIVE FORCE SERIES CHART 
Anodic End or Most Corrosive 

METAL ' ELECTRICAL POTENTIAL 



MAGNESIUM 


+ 


2.37 


ALUMINUM 


+ 


1.66 


MANGANESE 


+ 


1.18 


ZINC 


+ 


0.76 


CASBON STEEL 


■ + 


0.71 


CAST IBON 


+ 


0.62 


LEAD 




0.13 


HYDROGEN 




0.00 


TIN 




0.15 


BKASS 




0.20 


COPPER 




0.34 


BRONZE 




0.47 


MERCURY 




0.79 


SILVER 




0.80 


GOLD 




1.68 



• Cathodic End of Least Corrosive 

Figure 1. Electromotive Force Series Chart 

This table does not include all of the corrosive metals'^ 
and the metals listed will have different electrical t>otentials 
in different electrolytes. 
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The metal having the highest electrical potential is 
vj;2!S*.*J«i^^^^?'^^ or anodic area, and the metal having the 
lowest potential is known as the cathode or cathodi^c- area The 

?S*^tf? f?.^^ P^^'^*^ corrbsiSa k?w?I iccSl 

tn-^J? SmalL metallic particles are carried frbm tte anode 
■ i^A ^® f lectrolyte and are dissolved and exchanged for 
hydrogen ions which flow to the cathode and tend to deposit as 
hydrogen film on the cathode. This is the basic principle of 

SSt. encountered m water and waste processing equip- 

TYPES OP CORROSION 

, yo'^ J^now something about the corrosion process, 

let's discuss types of corrosion. v*w*-«»s. 

Electrochemical Corrosion 

A\4^4^' ''^^fs^is the mo^F^ommon type of corrosion. It is more 
difficult to detect in its early- stages than some other ?ypes 
of corrosion, and it has a much wider range of unfavorable 

control. Electrochemical corrosion attacks any 
exposed metal surface. ^ ^ 

This corrosion process is also known as galvanic corrosion. 
We discussed .the source of electrical energy eirlier in thif 
lesson; therefore, the same basic principle that was discussed 
wxll apply- to all electrochem^-cal (galvanic) attack corrosion.. 

^,r.r.«„^®"a,?''® ^wo ^Tuies to remember about galvanic corrosion 
currents. These rules will apply to all electrochemical 
corrosion cells. 

it xcoriides^^^^ ^® electrical current leaves the metal (anode) 

electrical current enters the metal 
(cathode) it is being protected. 

por- ""^^^ 5^ applied to all galvanic conditions. 

n« \ 5^ ,?"K^f!*'^*^^''^ °^ ^ galvanic corrosion cell, let us 
use a dry cell battery as an example ^ The dry cell batterv 

lyte (salmonic paste) , and an electron path (the connection 
between the cathode and anode) . This electron path is not 
completed until the battery is installed for operation. All 
dry cell batteries are constructed with thase components and all 

corrosion cells have these same components also. See 
figure 2 for an example. 




,?;:;;^S/M.AMONIC::iV: 

v:::-v.>ASTEv::-':-:-v 
.;::electik)cyte;v.%* 



^SEALED TOP 



> ZINC CONTAINER 
( ANODE) 



BiOTTING PAPER 



Figure 2. Dry Cell Battery 

neo*tiS*?oiIl? is between the positive and 

terainals of the battery the Ions start to flow 
iSnnfi^?^ current flow. This flow will continue 
until the connection is broken or the anode is completely ' 
eaten up or displaced. wiupxetexy 

♦ 

, Electrochemical reaction means that chemical changes 
and an exchange of electrical energy take place at the same 
time. Thus, whenever corrosion occurs, there is a flow of 
electric current from the corroding, portion of metal in tS the 
electrolyte or conductor of electricity, such as water or soil. 

The electric current flowing from the metal carries 

ionl tl ^« ^•'^^^ partic?es^e called 

ions. As the metallic ions are dissolved in the electrolyte 

2l^t^ exchanged for hydrogen ion^, which fiSw Jo Sl cJtt^e 
^° * the cathode, yhe 

carried from the parent metal are usually 
5^2SI??o5 *? electrolyte and are 

f^od! ?n^K°°"°*^°2 P^°d"«ts, most often near or on the 
^ttlrn If ^S^t!"* ^« familiar 

createT^''L'^LVlV^\''^^J ^" * galvanic cell may be 

created. We have already discussed the dry cell battery type.. 
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Another, common type of corrosion cell, is one consisting of two 
metals and one electrolyte as shown ih figure 3. 



IRON OR STEEL PIPE 



BRASS OR COPPER FITTING 



ELEaROUTE 




CORROSION CURRENT 



Figure 3* Corrosion Cell- 

\ .In the above exan^le the iron or steel having the higher 

electrical potential gives up ions to the lower potential 
of the brass or copper / therefore crieating a galvanic cell* 

Another type of galvanic corrosion cell coiranonly found 
in water and waste systens is one on metal with a dissimilar 
/ surface on the same structure. See figure 4 for an example* 



J 



ANODIC AREAS 



CATHOOIC AREA 



FRESH THREADS 



PIPE WRENCH'-CUTS 



Figure 4. Galvanic Corrosion Cell 

In figure 4 the new threads and pi^pewrench cuts become 
anodic to the remainder of the pipe due to the dissimilarity 
of the two surfaces regardless' of it beirig on the same metal. 
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These polished or bright surfaces corrode at an accelerated 
rate, weakening the pipe at that point. 

Chemical Attack 

i* * cowion type of corrosion to be found in water 
and waste plants due to the large amounts of chemicals used 
xn these plants. 

if* 

f 

Chemical attack of metal is easy to detect^ and equally 

^ t^^S""!)!*?**. "flJ "•J*^* ^^^^ °' corrode wSn thJy 

on S If you place a drop of strong 

»f«,;^^^ a piece of. iron, you can see it bubbling. After a feV 
minutes of exposure or contact with the metal, you can see the 

IniA i®?* -^?,?"® chemical attadc of the 

acid. Some metals will resxst chemical attack by acid, but 
wxll corrode readily when exposed to alkalies. Almost all 
metals will have some reaction with one or the other of the 
two. 

/ Most chemical attack of metal occurs in industrial waste, 
xn heavy xndustraliaed areas, or by chemical spillage. Any 

"2"^^ ^ considered to be ah unfavorable environ- 
ment and therefore, increase the amount and rate at which cor- 
rosion will progress. 

Chemical attack corrosion can be prevented in most cases 
by preventing chemical spills, venting chemical fumes away from 
equipment, or by using equipment constructed of materials that 

Itll 2??i^if;S^*f* attack. Generally any measure 

tnat will eliminate the unfavorable environmental conditions 
will retard chemical attack corrosion. 

Bacteriological Type of Corrosion 

in« <:,.S2°i?f^f ^ corrosion is another type of corrosion result- 
ing from electrolytic or galvanic cell action of biological 
Sffon definition, bacterial corrosion is the deterior- 

atxon of metals ty corrosxon processes which occur as either a 
direct or an indirect result of the metabolic activity of 
Sfif S<«f^r^f' P*'tic"laJ^ly in water or soil environments. 
corJo«?i« S2 organisms causing bacterial or biological 
corrosxon are bacteria, slinve, and fungi. 

Microbiological Corrosion 

Microbiological 'corrosion action in the soil is due to 
physxcal .and chemical changes of the soil by action of these 
organisms. Some types of aerobic bacteria are responsible for 
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the 'Production of active galvanic cells. These cells are pro- 
duced by the production of variations of oxygen content in the 
soil (differential aeration) or the reduction of the hydrogen 
film over the cathodic areas (depolarization) . ' 

jinaerobic bacteria are responsible for the reduction of 
sulfate salts into sulfide compounds. As already studied, 
sulfides/ like hydrogen sulfide / vigorously attack most metals. 
Anaerobic bacteria, is mostly found in highly water logged ^ 
sulfate bearing/ blue clay type soils. The bacteria concentra- 
tion as well as the corrosion rate vatries considerably between 
the different seasons of the year. Cast iron and steel piping 
are corroded mostly by sulfide production. 

PREVENTION OF CORROSION 

Since we have discussed some of the causes and types of 
corrosion, now let's cover the most important aspects of cor-- 
rosion. That is the prevention or control of corrosion. 

In a given situation, corrosion may have one cause or 
many. Therefore, control measures must be planned to meet the 
specific condition. 

Designing Against Corrosion 

Two steps are necessary in general design: (1) To 
incorporate features that minimize corrosion at the outset I 
(2) To establish conditions that make it easier to combat ^ 
corrosion showing up in subsequent operations. P^^^^^^^^^n \ 
includes the selection of the most corrosion resistant materials 
for a given environment. Among light metals, alxaminirni, 
magnesium^ and cadmium are relatively .corrosion resistant. 
Corrosion resistant heavy metals include cast iron and lead. 
Nonferrous metals such as copper and bronze are even more 
corrosion resistant than/ the ferrous metals. In many cases 
nonmetallic materials may be stabstituted for metal. 

Where possible use the same metal throughout the system 
to prevent galvanic action caused by dissimilar metals. When 
it is necessary to use dissimilar metals, use metals as close 
together on the electromotive series as possible. The closer 
two metals are on the E.M.F. series chart, the slower the rate 
of corrosion. See figure 1 for the E.M.F. series chart. The 
beginning on the chart is the least noble or more corrosive^ 
metals, progressing to the noble or least corrosive metals at 
the bottom of the chart. 
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Cathodic Protection \ 

i« bv "^^^ °f preventing or Controlling corrosion 

-xs by cathodxc protectxon. Cathodic protection bv definition 
xs the application of sufficient direct cuSh? to oreJen^ 

S"eSSre"oSiecriS^ ^ S^^arsSuctS^e-. 

«,,^r.«,^«i" becomes negative or cathodic to its 

SSnSarS'a ^i!/; S""^^^ knowledge of the electJjLtive 
ShJf^; ii^f a jnetal and applying enough current to make the 
object more noble or to have a lower electrical Dot*.n??*i 
another metal with which it is in contacfJiS'laS^tc ^o- 
l"ms lll^' discussed fully in another S^Jn ?f?er 

Corrosion is classified as two tvces- chi^minai 
Electrochemical. There are many SilfSnl kiSTil iheSe two 
types of corrosxon as follows: - tnese two 

i* • - Most destructive form of corrosion ' " 

characterized by irregular surface destruction in s^u'^'eas . 

corroded. " "here large areas become un4^6rnily 

metals ^ire in^dSStS.^^- "f^^" " ^^^^'^^ dissimilar 
metais are xn contact xn the presence- of an electrolyte. 

.penetrates SfS^S!'^ Corrosion - Start, at the surface and 
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5. Exfoliation - An advanced stage of interoMnni at- 
xosxon resulting in flaking or scaling o?f o? ISSce^ 

Jtion with xndustrxal areas, or electric transportation 



♦-h^ ^ 7.\ -Deaincification - This affects copper alloy tubino- 
the removal of zinc by corrosion leaving only ^el^^ous cSp^r. 

controf'^^rt^*^®"^*" "J^^y different kinds of corrosion, the 
e^e^sivl ooSIt^oi^" corrosion Is a very complex and 
tSat ilrroL^n • control or prevention is to 

«f!«^,.f^"^^f\^'' ^^a^es or perform preventive 

measures xn adyk^nce to prevent the forming of ..cSrlof?ve cells. 

PREVENTION OF CORk)SION 




corrosion necessary requirements for a 

ellc???cal niJh * cathode, an electrolyte, and an 

electrical path, it xs apparent that to prevent corrosion from 
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occurring/ it will be necessary to remove one .of the necessary 
requirements., Methods JLn which this may be accomplished are 
as follows: 

1. Use only corrosion resistant metals. 

2. Do not create galvsmic cells by connecting dissimilar' 
metals / such as iron amd copper, together. 

^3. Use insulated couplings when such couplings must be 
made (to break the path of electron |low) . ^ ^ 

* 

4. Eliminate the electrolyte. * ^ " * - 

5. Apply cathodic protection (for elimination of all 
anodic areas) . . ^ ' ' ' • 

6. Apply protective coating oyer surface to prevent 
electrolyte from contacting surface of the metal., 

iOf all the above mentioned methods of preventing corrosion, 
the most widely used and mos^t practical method for preventing 
external corrosion is painting or applying a protective coktirig. 

There axe many types of protective coatings used for; this 
purpose. Asphalts, coal tars, plastics, mastics, greases, and 
concrete are a few. These coatingsr are considered insulating 
materials. Th^y are designed to ihsylate or isolate the metal 
from the oxygen and moisture of electrolyte to prevent corrosion. 
* \ ' * , ** ' * • . ' " j 

These coatings are not effective in all envirorunents , but 
each one was developed to fulfill the requirement^ of a certain ' 
type of corrosion (environment. Listed below are isome of* ^he' 
many coatingisf and .their uses . J, ^ 

Metallic coatings, such as- galvanizing (zinc coatingj^ is 
very effective /in^prjatectirig any metallic structure or pipe 
against' atmospheric, type corrosion. This type of coating is 
ideal for cold water lines and metals exposed to normal i 
atmospheric temperatures. However, at elevated temperatures, 
as in high"^ tender a ture ekjuipment, metals such as iron corrodes 
very rapidly. The reason for this is that at a critical 
temperature of approximately 140^ F iron becomes anodic to ^ 
aunc. This results, in the iron becoming the sacrificial anode 
which' corrodes readily. ^ . . \ 

\ 

Portland cement coatings have been used with success when ^ 
properly applied to pipelines to be laid in highly cprrokive 
soils such as areas containing acid mine drainage or in [ 
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JitpJWrplp^^^^^ ^narany-l to 2, 

^ may be up to t»fo iSie? thiS* If ^rLSf^?? ''^^"^ applied, 

^and ta»ped around^ pi^tii " Slt^ LiJv^J*'^'^^^ ' S^*'^ 

ever, cement has thm ^InH-™ ^ . *orty years. How- 

in manrSS; in ^ult^'J^tl^T. ''"^ """^^ 

electrolyiia inawdiatelv ^.I St' where the cement cracks, 

corrosicta canlTredSed b^^?n«nS°fJ!^*4 naterial . This 
primsr before coaSng Sr b? ^^V* * bituminous 

the cracks with SpSaU or cSH^?' ^""^.^^ ^^^^^"^ 

applief ^o'^'SI^sSrSJ discussed is ' 

Portland cement SoItiSo8a?«^i22 P"^«nJ •xte^nal corrosion, 
piping by VprocSrkS^^« applied to the Inside of 



commo„?rS:d*^;lJ?iJ" *"SSrc,2^^^^ protective coating 
petroleum base and resLblS DaJf???! * «««ally made from a 
either hot or cold; SS^eJ i? »5fi k°'' > applied 
of wrapping in order JT^ff^ ft mv»t be protected by some type 
^ or ^sS?ieI b? Se Sa^^fU^sS?.''"*** ""^^"^ displaced"^ 

types 2?^P?oJeSlvr:Jat"gs~^^^ ^« common 

produced from petroleS relidSe f^d niSJif ^'^^^ coatings are 
coatings can take obnsidf rSi^^JS?-? • "^bese 

ture chanoe wfS«,r^I!I:?if ! abrasion or impact and tempera- 

used on°pipiS SS^i^'^J'^h 1tyP« 
last lonje?, Ld SnSwK*""?^ J****^ these, coatings 

resistance to corrosLn! cSS fSr S^*-?"^*'*' adhesion, and 

Viae oH„,e o^ teSp'22urVII?.?'1f„.1rc%%:^^^^^ 

coatin^^cLrtK ^^i? '^'k?'^" protective 
Of the%einL°-J.:t"i.e"L^i?i„rjS';,re?iSr^^^^^ " 
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Coal tar paints have the outstanding characteristics of 
IcfW permeability to water, resisting, electrolytic Reaction, and 
are not affected by the action \of the water. ..These paints are 
recpomended for. piers, marine instali,ations, flood, control * , 
structures, sewage disposal plants, and industrial concrete 
piping. » \ ^" " ' 

Asphalt tar paint is especially weather resistant and , , 
durable ^gainst industrial" fumes, condensation ax^ sunlight | 
• action. Because of its resistance Wains t water solvency, it 
is used ori steel t2uiks and concrete^ reservoirs . 

Rubber based paints such as chlorinated rubber base 
type are very resistzmt to 'acids,. aUsalies, salts, alcohols, 
petroleum products,' and inorganic oils. Resistamce to these 
industrial 4 products makes this type of\ protective cojating id^al 
for use dn the inside of metallic dad concrete storage tanks . 
If these structures are .siabmerged, ^either in water c>r in the 
ground, a special form of this paint must be used because of 
condensation. ' ■ ^ ° , 

Vinyl type paints aure one of the many synthetic resin 
base paints. • This paint dries to a film that is tough, ; 
aibr as ion-proof and highly resistamt to electrolysis. It is 
p^rless, tasteless, nontoxic and nonflammable. This, film is 
especially resistant to oils, fats, waxes, alcohols, petroleum 
•solvents, formic acid, organic acids, amoriium" hydroxides, and ' 
phe?iols. Because of these characteristics it is very good for- 
use on tlanJcs, pipelines, well heads, off-sHorie drilling rigs, 
piping iln oil -industries/ railroad hopper cai^s, dairy and 
brewery /equipnent, storage tauiks containing acids and alkalies, 
gasoline storage tanks, and»concrete exposed to -corrosive 

environments* 

' ' ' . . " ■ • 

Most paint, coatings or bonding material -reiiuires a 
primer to provide a thin layer so it will penetrate into the 
pores 6f the metal and adh^efe both to, the metal and the paint. 

Preparation of Sjirfaces for Protective Coating - Surface 
preparation before. the application of a protective coating 
means to' remove contaminamts and improve t^dhesion of the 
coating. The protective coating fails in direct proportion 
€o £he lack of adhesion to the surface. Therercre, it is-^ 
important that the s^irface^ is clean so that the maxinum amount 
of adhesion is obtained. 

The s\irf ace preparation methods are mentioned in three 
ba^ic classes as follows: mechanical surface pn'riparation^ 
chemical surface preparation / zand solvent cleaning and 
degreasing. <• ^ ' . . > 
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Mechanical, Surface Preparatibn - Mechanical siirface 
preparation includes hand cleaning I power tool cleaning, sand 
or shot blasting and flame cleaning. Hand cleaning i«^ best 
adapted for spot cleaning and is nbt recoanended for use over 
large areas., The operation is performed chiefly with wire 
brushes, abrasive cloth or paper, sbrapers, knives, chisels, 
,or chipping hammers. Hand cleaning! is primarily used, to remove 
■loose scale, paint film, and caked ioil. 

Power cleaning is more effective and efficient over larger 
areas than hand cleaning. Power tools are usuajLly. pneumatic 
or electric driven grinders, saAdersl and brushes which are 
able to' remove corrosibn products down to the bare metal. Oil 
and grease should l>e removed hj[ a solvent before power tool 
cleaning in order to prevent these products from spreading over 
the entire sxirface. \ . \ 

' " " * ' ' \ 

Sand'Or shot blasting is another mechanical procects used 
to remove mill scale, rust, rust scale, andXforeign matter down 
to the base or white metial. The process involves abrasives shot 
under high pressures against the surface of tlie metal to be 
cleaned. Por best results, , the .surface should\ be immediately ^ " 
Ij^gted with a primer coat to avoid tlie formation of corrosioi^ 
products on* the crater like surface deipressionsV ridges, or 
metal hairs produced by sand blasting. y 

Flame cleaning is emother mechanical method of surface 
preparation. This method is used on structiural surfaces of 
sufficient thickness and where warping and dehydration present 
a problem. Flame cleaning is used to remove unbbnded mill 



scale and old mill scale which 
Flame cleaned stirf aces must be 



had not been previously painted, 
painted before it is affected 



by condensation, ihis is generally done within^two hours after 
flame cleaning whifle=1the metal is still warm. . 

Chemical Cleaning 



/ 



/ 

The second major method of surface preparation is 
diiemical cleaning. Chemical treatjcsnt enconpasses alkali 
cleaning, acid pickling, steam cleaning, and phosphate surface 
treatment. 

I 

Alkali treatment uses a strong alkali to remove oil, 
grease, and soluble rust stimulators. Alkali cleaning does not 
remove heavy or carbonized oils or rustj inhibitive oils. The 
surface must be neutralized with a weak> acid solution so that 
the alkali does not attack the primers jvehicle. 
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Acid pickling is another method of chemical treaf7n;»n+- 

^ a. dnited m"?S!c acid 

^pio?:^t Se^^^-tar^^^^^^^ ^sis- 

c^;itinTo^^'^?h:^^^^^^^^^^ - - - Offer a^ir^ nt 

SI^ wiS JoSd ScLfrin* D«t:ergent steam cleaning has been 
After stea2^L!^ln« %^ r^r^ ^^^^^^ ^^o"* metallic surfaces, 
alkfli nn^>,f i^' the surface is usually rinsed so that the 
alkalx on the surface does not chemically attack the JrSer. 

A ^5®^Phosphate surfa'ce treatment is a chemical oroceaa 

reactronr ana reducing the dedon«,osiiiln of Se paiit Jehicla 
Sip?S!^^ be -applied by iSeMi^Sf Shing, 



Solvent Cleaning and begreasing 



vent cleLw^'iS*^"^ "^^"^ surface preparation is by sol- 
n!oH 4nd degreasxng. Solvent cleaning is basically 

sll?e or cor?n^f P^^^^ ^^^^^ '^ot rLove ?^s?? Sll 

l^^t ^ ?orrosion products. Precautions as to the fire hazard 



Application of Protective Coatings 



(combxnatxpn of pr^^eajment, primerfand ?opcoa?rmSI 1^" 
selected for a specific/ application. ^ 

n.^r.fi^'^!?® selection W the proper coating system depends pri- 

Se i?eS wm S'Jn^T' ^S^^^'^' the%n?ironmen? ?o whfch 

tne xtem wxll be sutjpcted, and the service life requirement 

\ 
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of the coating. No singXe coating or coating system can perform 
adequately under all conditions to wjhich Air Force equipment is 
subjected. For example* a idienolic paint confonning to Specifi- 
cation MIL P-12507 is good for water immersion or when subject 
to high hiaidil^ conditions but inadet^uate for exposure to an 
industrial atmosphere. 

Many primers and topcoats can be used in various combi- 
national however, some primers are specifically formulated for 
a particular type oi^ topcoat. The coating systems presented 
in Air Force Technical Orde^ 1-1-8 adequately cover most Air 
Force painting and requirements. 

SUMMARY 

C^cxosion is the deterioration of metal and can occur 
because of" direct chemical attack or by an electrochemical 
reaction. Most corrosion is caused by electrochemical reaction. 
A corrosion cell will be created- when there is an anode, . 
cathode, electrolyse, and metal path present at the same time. 

* • * 

The bast way to prevent or control corrosion is to 
eliminate an^ one of the necessary elements 6t a galvanic cell* 
This can be accomplished in many ways, but the most practical 
way is by applying a protective coating o£ paint or other 
insulating material to prevent the metal object from coming into 
contact with the electrolyte. 

There are many different types of protective coatings, 
but all of these are not effective for all environments.. For 
that reason it is necessary to have an understanding of the 
type of coating and the environment in which eadh coating would 
be used. ' 



QUESTIONS ^ \ 

1. What is corrosion? 

2. What is the most common type of corrosion? 

3. Explain how painting protects metal objects from corrosion 

4. In what portion of a galvanic cell does corrosion occur? 

5. What is the meaning of EMF? 

6. When connecting 21 brass fitting to a\teel pipe which is 
most likely to corrode first? 
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. 7. Where can cathodic protection be used? 

^* SJungsf ^ ."^^'^ important step in applying protective 

9. In a galvanic cell which metal would have the hiohest "■ 
electromotive force, the anode or the ca?h^de? ^ 

10. What is seleptive attack? 

11. Explain what unfavorable environment means. 

12. What kind of. surface preparation is steam cleahing? 

13. What is the most commonly used protective coating today? 
^^a Sgjf <^etermine the selection of the proper coating 

REFERENCES 

1. ATM 85-14, Maintenance and Operation of Sewaae anH 
Industrial Waste Plants and ^stemsV ^ 
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Introduction to Metallic Corrosion, By ulick R. Evans 
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CATHODIC PROTECTION 

OBJfiCTIVB 

Thil study guide U intended to provide an underitanding of cathodic protection and 
its application to metal structures* It will also cover some of the common tasks per- 
formed in maintaining the system* 

INTRODUCTION " ^ 

Cathodic protection may be used to prevent corrosion of any metal surface which * 
is in continuous contact with an electrolyte. It m%y be used on buried nietal surfaces 
such as steel pipelines and metal steerage tanks* It may also be used to protect the 
bottom of storage tanks resting on the ground* the inside surfaces of water towers, 
ship.huUs* and other inetal stru^ures in water* Cathodic protection will be covered 
under the following topics: 

* THEORY piP CATHODIC PROTECTION 1 

* METHODS OF CATHODIC PROTECTION 1 

* EQUIPMENT PROTECTED 1 

* MAINTENANCE OF PROTECTION SYSTEMS 1 

THEORY OF CATHODIC PROTECTION 1 

There is a flow of electric current between two dissimilar metals electrically con^ 
nected. If the flow of this current can be stopped or reversed* theoretically the metal \ 
will not corrode. In cathodic protection* the current flow is retarded by passing an \ 
auxiliary current through th e electr olyte to t he metal to be protected* 

METHODS OF CATHODIC PROTECTION 

The flow of protective current may be motivated by sacrificial anodes (galvanic 
method) and by an impressed current. 

To achieve cathodic protection by the galvanic method, a sacrifical anode (a metal 
that will corrode more readily than the one being protected) is put in the electrolyte 
and electrically connected to the object. Electric current will then flow from the more 
anodic or corroding metal through the electrolyte to the metal for which protection is 
desired* 




. Of a purpcly ..t.bll.h.d di.7^a/meui ci anrtif 

cathode. - *^ protected metal becomes the 

min^TeT/e'ctit: "'rirASTnr Th^e'c'^^t" ^ "ve .erie. dete.- 

i. .trong enough to prev«raU c^^nl fromT • ''T ""^^^"1 
the cathodic protection curUl Tow /rlTheTe^ll'/ ""T' 

and diaintegrate. When thi. happen^ the^rltljf h *» -acrifical anode, 

negative to it. .urrounding.. Protected metal then become, cathodic. or 

havetln Urd^o^^:S;"irct?v^^ ^" -^--o- ^.ive ,erie. 
on the other hand. i. an aLde'S "^^le^wUh ^^^^^^^^ T"' 

piping .y.tem., cathodic nrotection h„ ♦u i fopper. For large structure, or 

direct current m^J^e^Z ^ * " economical and a 

Impreiied Current Syitem 

ter„a^^:i'cl\-rr;. rr^^^W'^Te^VTorir^^^ ^ tli^^' ^"""^ ^ ^ 

be u.ed. The po.itive terminal of th. Jl ! "*=*^«". pr generator, must 

l>t«d wire to th'Tixon. ^^0° g^Xe "1°^^^^^^^ " ^" 

i. a water tower, the electrod'e. wS\t\n iT/r" T^e'n T.? »'-«=ture— it 

nected directly to the structure Th« , negative terminal i. con- 

rent through the groVd Io?rat;r) to t^T-trui^""' r"'" " *° 

through the negative terlTnaT tL^ clrirne"Jr\!r^^ '° ^"^^ """-^ 

nowing from the .tructure. rig.\ I mra^tM^"^^^^^^^^^^ 

EQUIPMENT PROTECTED 

cannS?e°utdr:rrVcUiro^^ it / 

a buried pipe can be proterted itLifrn k .the out.ide .urface of / 

vated .torage tank or'^fouTd .t" '"' ^^^^^^^^ T of the pipe. I„ an ele- ' 

wiU be protected. The out.ide of T. . v • ^ m.ide. surface that is submerged ' 
by paintLg. plati;g:^t: rappl^U^^^^^^^^^^ ^'^^^'-^^ ~^ 

Buried Pipeline! 

Contact if made with the earth by burving «rrar> ,v,**,i u 
Fiffur* 1 Tu. ^. ^ . ' ourying scrap metal such as carbon roHii^^^-- 

structure. The major factor of these i.-€ir«^^ * . * f °^ "*t*^ i" 

ample, on a mile oL.r^JZi^^f^^Zl l^^^^^ ^ " r^°'f^- 

fa«^1003,150-a.p.res of curre^nt^mightlfne^t^at^r Jd^^^ti^^^^^^^ 



In a 
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Figure 1. Cathocttc Protection of Buried Pipeline Using External Power Source 

mile of a well coated IZ-inch line, a fraction of an ampere may be eufficient, which 
indicates importance of a good.cpating. 

No general rule can be given, although for preliminary estimating purposes 0. 003 
amperes per s<iuarefoot of bare surface is used for iron structures. When cathodic 
protection is Installed, the external current is applied until the pipe-to-coU potential 
is lowered to atleast minus 0.8 volts. This is measured with a multimeter and a 
copper-copper sulfate half cell. When the protection is maintained, corrosion vill 
be stopped or greatly reduced. 

Steel Water Storage Tanks 

Cathodic protection stops corrosion byJlgjK^of-direct current to the tank wall, 
which is the reverse of current flow^thatwcaused by corrosion. The equipment con- 
sists of a rectificrjfeo^raduce^Tdirect current from an a source, control rheostats, 
an amrncterr'iSirelc suspended from the roof of the tank into the water. The 

-glcSrodes are connected to the positive wire of a d, c. circuit. The negative wire is 
connected to the tank bottom, completing the circuit for current flow from the elec- 
trodes to the tank surface. Current density must be about 5. 0 milliamperes per sq ft 
of bare metal; less if the metal is protected by paint. It is essential that the^ elec- 
trodes be located at different levels throughout the tank to maintain adequate protec- 
tion. It may be necessary to locate the electrodes in a circle in large tanks for ade- 
quate protection. The riser (if any) wUl have an electrode in it to within a few feet 
from ground level. 
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A great deal of emphasis it uiuaUv olaced • . . \ 

of the tank. Thi. and the area » ^^vTSl" normal '^^^ "'^^"e 

ra..on that the entire interior of the tank ba^Vnted/ l"'"***' " " ^" 

MAINTENANCE OF .PROTECTION SySTEMs\ 
Impretied Current System * 



If there 



-r.io. o( ch.ck 1"*'J.5 •*» (or pip.), .nd 



PiP«), 

If the connec* 



immersion of the elertrodV. Ch^u'' ,*^«=*'°de., grodnd wire .to tk, 

<or ..criflci.1 .,H«l.). '• • ■'«» o' • »«" or failtoi .Lctrode, 

«th..nd otfr.i.int....o,,. ° """"'''"W ""ther. R.ln'.laU ih.m 

protection. ^ inj^ee month8_.in^derto insure adequate 

SUMMARY 



^^'^ - "d\oid 

.tructures. The use of Lpres«d^,T^ °h .u"^ <=orrosion on underground 
.urfaces in contact with an'elec*"'!^ tdoc. Z ""'l"' °' '"^^^ 

cathodic to its environment. The bTo methnS V u ^L""* -''^ '"**»^ -tructiu-e 
applied are. the sacrificial anodl. Vl!: !!! .7 ^'^''^ "*'>°«^*= protection may\ be 

'anodes must be made of a meti hVheron the EmV""^""*!' 'y"^' the 

protected. *^ ^'^^ "'^«« than that of the metal being 

QUESTIONS 

- ' * ' \ 

1. What is the purpose of cathodic protection? . ' ■ \ 

2. In which direction must the 



current flow in order to protect the metal? , 
3. How often is the interior of a water tank checked for cathodic protection? 
t. What is the copper.copper sulfate half cell used for in cathodic protection? 
. How is the inside of the riser on an elevated storage tank protected? 
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DRIVE EQXJIEMENT AND ACCESSORIES 



The purpose of thi« etudy guide i« to U«t the common types of drive equipment and 
accessories found in most water and waste plants, and to acquaint you with the inspections 
and minor maintenance performccili^ ^ 

INTRODUCTION 

Inmany cases drive equipment. consists.-of either an electric motor, or an engine. In 
tills lesson we will discuss botii units* We will also include inspection procedures and 
minor maintenance that you will be expected to perform. 

An electric motor or engine must be connected to e^iuipment to be of any use. How 
they are connected is of major imporUnce, and we will discuss- several types of 
connections. * 

There are three main topics in this lesson listed as: 

. * ELECTRIC MOTORS 

* GASOLINE ENGINES 

* DRIVE equipment' 

ELECTRIC MOTORS 

Electric motors supply power to many pieces of equipment in water and sewage 
treatment plants. The plant operator performs cleaning and minor maintenance, such 
as. lubrication^* for the equipment to function properly. 

The repair is normally left to personnel assigned to the electric shop, or contract 
maintenance (civilian contractors). The electric, shop personnel performs any major 
maintenance. You will be responsible for performing ''before starting** inspection and 
services, test running the motor, and accomplishing *'before stopping" 'inspection. If 
you are required to service an electric motor, it will be done in accordance with the 
manufacturer's specifications. * 

The plant operator is responsible for the minor maintenance of the electric motors 
as follows: 

Check Motor Condition: 
• 1. Keep motors free from dirt or moisture. 

2. Keep operation space free from articles that may obstruct air circulation. 

, 3. Check for oil leakage from bearings.^ 
Note All Unusual Conditions ' 
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^,^R«p^rt any of the foUowing condition, to CivU Engineer Service Call Desk for 
correction by the electrical staff: ^ 

1. Unusual noises in operation. 

2- Motor faiUng to start or come up to normal, Sldggish operatibn.. 

3. Motor or bearings feel or smell hot. 

4. Continuous or excessive sparking at commutator or pushes; blackened 
commuUtor. \ ' ^-^^^^^ 

5. Intermittent sparking at brushes. 

6. Fine dust under coupUng having rubber buffers or pins. \ 

7. Smoice. charred insulation, or solder whiskers extending froin armature. 

8. Excessive hum. ^ \ * 



\ 



9. Regular clicking. 

10. Rapid knocking. 

11. Brush chatter, 

12, Vibration. 

13, Hot commutator. 
Lubricate Bearings: 

1. Check oil in sleeve bearings and replenish if needed. 

_ 2*_Check.grease4n ball-or-roller-beaTings and replenish if heeded. 

Antifriction Bearing: 

The ba.e civil engineer may direct the plant operators'to service antifriction " 
AFM Ss'-r? '''"^ and tools for the required work. For procedures see 



\ 
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GASOLINE ENGINE 

Normally ga.oline or diesel engines are provided for in the ca'.e of ba.e or commer- 
cial power failure. The repair of standby engine, i. the re.ponsibiUty of the ba.e 
ground power section. Emergency power may di.turb certain proce..es of water and 
lle^S.TvTT °l '^T^^ to-equipment. To prevent any disturance or damage. 

IIT f 1 * °^ importance to be followed in case 6f .udden 

p^t £fi checklist with the piece of .Undby equipment and one in the 
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All gaiolinc cnginci must be operated coAtinuouily for at least 15 minutes eaph week 
to detect malfunctions and to keep the engine functioning prbperly. If an engine has not 
been in operation for several days,.linspect before starting it. The following inspection 
and/or maintenance should be accomplished: ^ , 



Preope ration Service 



A visual check of fuel, oil, 



and water; add if necessary.^ 



2. Check accessories and drives such as c'^rburetor. gencratqr. regulat,or, starter 
Its, fan, fan shroud and water pump for loose connection or mountings. 

3. Check engine for leaks (water, oil or^gas) and then trace all leaks to the 30ur<;c^, 
and repair or report it to*p^roper authority. ^ ^ 

,4. Check battery and voltmetejr; ^. 

,5. Start the engine and let it warm up before' putting it under load. 

6. After the engine sUrts, chick instruments, oil pressure, ammeter, Uchom- 
\ eter,\ fuel gage, voltmeter and temperature gagc( 

7. \ After the engine is warmed to operating temperature, apply a load to engine 

^ and'! check controls periodically to make sure engine is operating properly. If 
any unusual noises occur, shut down the engine and notify the installations 
engineer. If engine performs well under lo/d, check the engine periodically 
to assure it continues to furictioa properly. 

s! After the engine is s^ut down, check the water and oillevel and service if 
necessary. Report any leaks that have developed. 

9. Give engine a complete visual check. ^'^^ 

10. Xlean^air cleaner and breatlier caps if fiirty. 



11. Change engine oil and filter at the elaj^se of specified engine running time 

12. Check fuel filters. ' ™ 

13. Check engine controls. 

14. Check for leaks. 

15. Check gear oil levels. 
Additional Services 

The following services should be performed weekly: 

1. Check battery and voltmeter. Clean dirt from top of battery. I£ terminal 

connections or posts are corroded, clean them thoroughly and applythin coat- 
ing of CGL.^rease; add water if required. 

24 



and make neceiiary adjmtment. ' "^''^i' <;or.rect 

3. In«pect electrical wiring. . 

4. Cl\f ck air cleaner and breather caps. 
Check fuel filters. . 




.5. 



6. Lubricate. 



Son I. c<,K.id.r.d °» any M hoar, of .„,i, 

» - ' _ * 



. , * 

uon IS confide red as one week 
Malfunc^ons That Can Occur 
1. Broken fan belt. 



2. Overheating engine. 
3.. Cracked block. ^ 

4. Burned valve. 

5. Throw, rod. 

6. Broken hoses: 

7. Battery charge (low or dead). 
3. Oil seals leaking. 

9. Bad.plug8.(if any)v 7 

10. Inoperative electrical system. 



, ^ DRIVE EQUIPMENT / 

Belt Drives - / - 1 

Inadequate tension reduces t^r^^lV I operation and exces'sive belt wear. ' 

unusual wear. " belt loads/ snipping,, and ^ 

.bel^t^direHL'te^'l^ .t^' ^^^TJ "^"^ 1 ^^^^ "uses • " 

in car^bon tr.trachloHde. ' """" ^'^'^ clean' with ^ rag moistened 
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REPLACING BELTS. Replace belts as soon as they become frayed, worn, or 
cracked. Never replace one belt on a multiple drive (2 or more). Replace the complete 
set with a set of matched belts. All belts in a matched set are rhachine -checked to 
insure equal size and tension. 

INSTALLATION OF BELTS. Before installing belt, replace worn or^ damaged 
sheaves, then slack off on adjustments. Check multiple belts for matching size and 
lengtti. Do hot try to force /6Ml^ into.position; never use scre^^driver or similar lever 
to get belts boto sheaves. Alter belts, are installed, adjust tensionand recheck.tension 
after eight hours ^f operation; 

STORING SPARE BELTS, ktore 'spare belts in a cool dark place. Tag all belts in 
storage to identify them with the 'equipment on which they can be used. 

TYPE OF BELTS. Belts arc-classified as to their design. The two b^lts most 



commonly used are th^ V -belts and flat -belts. / 

4 * f ' j 

V-Belts. A properly adjusted V-belt has a slight bow in 'the slack side when running 
when idle, it has an alive springiness when thumped with the hand; an improperly tight- 
ened belt.fcels de^d when thumped. If the slack side of the drive is less than 45 degrees 
from the horizontal, vertical sag at the center oi the span may be adjusted in ice*- ;dance 
wl^ the following tabulation: ' " ' 
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Belt Tension 

Span (inches) 

Vertical Sag 
(inches) 



• IQ 


20 


50 


100 


*150 


200^ 


From 0.01 
To. 0.03 


^^0.03 
0.09 


0.20 
0.58 


0.80 
2.30 


1.80 
4.90 , 


3. 30 
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a. Check Tension. If tightening belt to proper tension does not cor reef 
slipping, check for overload, oil on belts, or other possible causes. 

. Never*use belt dressing to stop belt slippage . Rubber wearing s dropping 
near the .drive are a sign of improper* tension, incorrect alignment, or 
damaged sheaves. ^ L * / ' 

b. Check Sheave Alignment. Lay a long straightedge or string ^cross out- 
. side faces of pulleys and allow for differences in dimensions from center 

lincs-of grooves to outside pulley faces of the pulleys being aligned. ^ Be / 
especially careful da aligning drives with more than one V-belt on a sheayc, 
as a misalignment can cause ^unequal te|ision. 

Flat Belts. Leather or rubber belts are usually used in Qat^bel^' drives. Mpst 
Qat-belt drives have either an adjustable idler pulley or a pivoted-base motor drive to 
maintain belt tension. 




• *• regv^r'^'^^ifdu^^ Check general operation condition, during 

regular tour of duty. Keep surroundings clean. Observe belt tension and 
adjust If necessary Slkpping and whipping are evidences of imp^^er ^eh- 
«on. If a rubber fUtb^lt slip, after ten,ion.has been'properlTaSer 
moxsten pulley side of bi.lt sUghtly with boiled Unseed oil. ToLep lel^er 
^^^^^^-^xng. use}^pproved stic. type belt dressing; never u'se^o^" 

b. Check AUgnment. Check pulley alignment the same as for V-beits. 
.Chain Drives 

Chain drivfes (figure 1) may be 

designed for slow medium, or high speeds. 
Slow speed chair, drives are serviced by 

removing them from their sprockets, 

soaked and washed in kerosene, then soaked 
in 30 weight oil-to restore lubricating film. 
Remove excess lubricant by hanging chains 
up to drain. Do not lubricate chains that 
drive elevators or feeders which handle 
dirty or gritty material because dirt com- 
bined with lubricant forms a cutting com- 
pound which reduces chain life. 

t 

SLOW SPEED DRIVES. Because slow 
•peed drives are not usually enclosed, \ - 
adequate lubrication is .difficult. HeavyVl 
applied to the outside of the chain seldom 
reaches the working parts; in addition, the 
oil catches dirt and grit and becomes abra- • 
•ive. For lubricating and cleaning method, 
see paragraphs on next page. ° 




SINGLE ROLLER CH«IN 




^mPU ROUW CHAIN 

Figure 1, types of Chain Drives 



oil u . ^ ou-txght case, and the oil maintained at proper level Luhricat*. 
roller chains with 2075 or 3065. i^ropcr levei, i-ubrxcate 



duty 



CHECK OPERATION. Check general operation condition during regular tours of 



tion ?f V. 5"^ correct amount of sladk is essential to proper opera- 

hon of chain drives. Chain drives or belt, should not be tight around the sprocket^ 

much's^^". •'t'^'ST'''''^^ "^'^-^ "'"'^^ heavier lofd than necessary Too 
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^ CHECK ALIGNMENT. If sprockets are not in line or if shafts a^re not parallel, 
"excessive sprocket and chain wear and early chain failure results. Wear on inside of 
chain, sidewalls, and sides of sproket teeth are signs of misalignn^ent. Tc check' 
alignn^ent, remove chain and place a straightedge against sides of sprocket teeth of 
both sprockets. / ' ^ 

• CLEANING. On enclosed types, flush chain and enclosure with kerosene. On 
exposed types, remove chain and soak and wash it with kerosene. If chains are too 
large to soak them conveniently, wash them by applying gasoline or kerosene with 
a brush. 1 

CHECK LUBRICATION^. Soak exposed type chains in CW UB or in 0£ 30 oil to 
restore lubricating film, ijlemove excess lubricant by hanging chain to drain. Do 
not lubricate under-water chains-that operate in contact with grit. If water is clea/ 
lubricate by applying WP or GG 1 grease with brush while chain is ruxming.^ Do npt 
lubricate chains that come in contact with dust or grift as these comb^ with the ' 
lubricants to form a cutting compound which shortens chain life. / 

I ^ . / ' - / 

CHANGE OIL. Qn enclosed types only, drain <^il and refill case to proper/level 
as needed or semiannually.; 



TROUBLESHOOTING . 



Sonie common symptoms of improper chain drive/opera- 



/ 



tion and their remedies are as follows: 



1. Excessive Noise • iCheck alignment, proper chain slack and lubricatibn. Be 
sure all bolts are tight. If chain or sprockets are worn, reverse on renew if 
necessary. Frequently, additional chain life can be obtained by turning the 
chains over. 

2. Wear on Chain Sidewalls and Sides of i'eeth; Remove chain and cjbrrect , 



alignment. 
'3. Chain Climb Sproc 



kets. Check for poo 



necessary. Make ^ure tightener is installed on drive chain. 



I, 



ly fitting sprockets,. and replace if 



4. Broken Pins and Rollers. Check for ch 
the pitch, and poorjly fitting sprockets, 
may also be caused by shock loads. 



ain speed which may be 
and replace if necessary 



/oo.high for 
Breakage 



Chain Clings to Spr^ockets. Check for incorrect or worn sprockets or heavy, 
tacky lubricants. Replace or reverse sprockets, or change to/proper lubricant. 



6. ^hain Whip. Check for centers that are too long or high pulsating loads and 



correct cause. 



. 7. 



Chain Gets Stiff. Cneck for nnisaligmnent, izi^proper lubricapon, or^exceasive 
overloads. Make neWssary adjustment and corrections. 



8. 'Spare Links. Checklto see if spare links are clean, oilci aijid ready for use. 



Variable Speed Drives 



A variable speed drive is used so that 
the operator can adjust the speed of the 
drive shaft to. that of the rate of flow of the 
liquid being pumped. A variable speed is 
sihnvn in figure 



i 



^e attention that must be given to a 
variable^peed drive is as follows: 

1. Check Speed-Change Mechanism. 
Shift drive through entire speejd 
range to make sure shafts and . 
and bearings are free and parts 
slide freely on shafts* 

Z» Clean Disks of Disk Drive. 

Remove, grease, acid, and water 
from disk faces.and lubricate 
bearings. Use clear solvents 
that leave no residual. 




Fi-Mire 2. V-Bi»lt Type Variable Dri\e 



3. Check V-Belt Drive. 



a. Make sure it runs level and true. If one side rides high, a disk is sticking 
on shaft because of insufficient lubrication or wrong lubricant. In this case, 
stop the drive at once, remove V-belt, and clean disk hub and shaft thor- 
oughly. with kerosene until disk moves freely. Relubricate with soft ball- 
bearing grease and replace V-belt in opposite direction from that in which 

it formerly ran. ^ 

b. If drive is not operated for 30 days or more, shift unit to minimum speed 
position, placing spring on variable speed shaft at minimum tension and 
relieving belt of excessive pressure. 

Lubricate Drive. Make sure to apply lubricant at all six (6) force-feed fittings 
(figure 2, A, B, C, D, E, G, and H), and the one cup type fitting (C); use BR 
grease. 

a. Once every 10 days to two weeks, use two or three strokes of grease gun 
through fittings A and B at ends of shifting screw and variable -speed shaft, 
respectively, to lubricate bearings of movable disks. Then shift drive from 
om: extreme -speed position to the other to insure thorough distribution of 
lubricant over disk hub bearings. 



\ 

b. 



Add two or three shots of grease through fittings D and E to lubricate frame 
_be;.ring on variable speed shaft. 
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Every j50 days add two or three cups full of grease to cup C. which lubri- 
Gates thrust bearing on constant-speed shaft. 

^\ 

d. Every 60 days use two or three strokes of grease gun throu-h fittingSNG 
and H toJubricate motor frame bearings. 

CAUTION: Do not use hard grease or grease containing graphite. 

Lubricate Gear-Type Reducer. The gear reduce^K Without oil when unit 
leaves factory. Fill the gear case with the type oToil described below until 
it drains out of oil plug. The reducer is provided with splash type self- 
lubrication, and oil supply is replenished only when it gets low. Check oil 
level every 60 days by removing oil hole plug. For temperatures of -lO^F 
to 40°F . use 2075 oil. For temperatures of 40°F to i\00°F, use 3080 oil. 
Obtain manufacturer's recommendations for lower or higher temperatures. 



Couplings 

C oup] 
be kept in 



Couplings between driving elements of a pump or any othe:/ piece of equipment must 

ept in proper aUgnment or excessive breaking or wear may occur in the coupUng, 

the driven machinery, or the driver. Worn or broken couplings,' burned-out bearings, 
sprung or broken shafts and excessively worn gears are some of the damages caused by 
misaUgnment. To prevent the expense of replacing parts, check the ali:>nment of all 
equipment before damage occurs. 

Flexible coupUngs (figure 3, item 1) permit easy assembly of equipment, but they \ 
must be aUgned exactly as flanged coupUngs if maintenance and repair are to be kept to J 
a minimum. Rubber- bushed types cannot function properly if the bolts cannot move in 
their bushings. Excessive bearing and motor temperatures caused by overload, notice- 
able vibration, or unusual noises may all be warnings of misalignment. Realign coup- 
ling, when necessary, using a straightedge and thickness gage or wedgo (figure 3, 
item 2) to insure satisfactory operation (level to within 0. 005 inch). Change oil in fast 
coupHngs (figure 3, item 3). Drain old oil and add gear oil to the proper level. If proper 
alignment has been secured, coupling pins can be put in place using only finger pressure. 
Never hammer pins into place. 



Shear Pins 



Shear pins may be found in many sewage plant units. These devices prevent damage 
in case of sudden overloads. To serve their purpose, these devices must be in condition 
to function When needed. Under unfavorable operating conditions, shearing surfaces o£ 
a shear pin device may freeze together so tightly that an overload fails to break them. 
Manufacturers' drawings for particular installations usually specify shear pin material 
and size; if not, request the information from the manufacturer, .giving the model, serial 
^number, and load conditions of unit. When necessary to determine shear pin size 
quickly, select by trial the lowest strength which does not bi'eak under the unit's usual 
loads. Never use a pin of greater strength than is required, a bolt, or a nail. If 
necked pins are used, be sure necked -down portion is properly positioned with respect 
to shearing surfaces. When a shear pin breaks, determine and remedy cause of failure 
before inserting a new pin and putting drive into operation. 
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RUBBER 




CROSS SECTION 
-*0F BRASSLINED 
RUBBER BUSHING 



ALLIS'CHALMERS FLEXIBLE COUPLING 




r 

Figure 3. Couplings 
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To replace broken'shear pin, remove broken shear pin. Lubricate the parts if 
necessary and operate motor for a short time with shear pin removed to si looth i>ut 
any corroded or rough spots on shaft and other part.s. Crease shearing pin suria.-os 
with WB grease or OE 30-. 



Make sure an adequate supply of pins is ok hand and that all are prope-'ly identified 
Keep a record of proper pin size, necked diameter, longitudinal dimensions, and lype 
of metal to be used. 



Lubrication 



Improper lubrication causes damage to wekring surfaces, increases maintenance 
costs, power consumption, and service outages. Lubrication instructions 'iven in .study 
guide include recommended lubricants and frequencies; these are intended -is guides and 
may require modification depending on the use and type of equipment and local operating 
conditions. * 

ff^^^^^'^^^NS. Most plant equipment failures are caused by improper lubrication. 
The. following precautions must be observed: 

^- Never ove r lubricate . Excessive lubrication causes antifriction bt arings to 
heat up and may damage grease seals; may also cause damage to %xindiaes in 
electric motors. 

2. Do not lubricate completely enclosed inadequately guarded machinery while 
it is in operation. 

3. Guard against dust, grit, and abrasives getting into containers used for storing 
lubricants; wipe spouts and lips clean before using containers; clean grease 

^ guns before applying grease. Use only clean grease. 

CREASE FITTINGS. Lubrication can be simplified. The number of grease guns 
needed can be reduced, and the use of wrong lubricants can be prevented if ill lubri- 
cation points requiring the same grease arc fitted with the same type greast gun fitting. 
Each gun can then be plainly marked, according to a standard color code, for the kind 
of grease to be used in the gun. 

IDENTIFICATION. The product symbol and identifying color should be marked on 
all cpntainers, and pn all grease guns and oilers used with a particular grace of lubricant. 
The proper markings should also be placed hear oil cups and'lubricating fittings to insure 
use of correct lubricant, 

SUMMARY 

By reading this study guide on the maintenance of drive equipment and accessories, 
you can now realize the importance of preventive maintenance. It is your job to know 
how and when to realign, oil, grease, clean and paint operating equipment. Also, you 
must know how to repair or replace parts of equipment that show signs of wear or deter- 
ioration. K a piece of equipment does break down or fails to function properly, follow 
the manufacturer's specifications and instructions for repairing the piece of equipment 
or refer to AFM 85-13 and AFM 85-14. 
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Inspectioix of operating equipment nvast be conducted dt certain times and during 
operation of the equipment to insure proper running. In this way, you can detect trouble- 
in the equipment before it becomes serious. For example^ let us take a gasoline engine 
driving some type of equipment* It is inspected and Is found to have no oil pressure; so 
you shut the engine down and check it over and find it is just low on oil or ma^ ue ctii *.4i 
line broke causing the loss of oil pressure* At any rate, you have saved the engine from 
burning up, and with a few minor repairs it-is off and running again. 

You also have to know what to look for when you are inspecting the equipment at 
treatment plants. This, study guide should have given you the basic knowledge of what 
to look for when you are inspecting the drive equipment at treatment plants and how to 
take care of this equipment* 

QUESTIONS 

1. Name five things you may find wrong with an electric motor when you inspect it. 



2. What is the minimum operating time for a gasoline engine each week? 



3. What items must be checked before starting a gasoline engine ? 



4. What is the policy concerning multiple drive V-belts when one belt becomes frayed 



5. Why are chain drives that drive equipment which handle dirty or gritty material 
not lubi'icated? • 

6. What are soms of the things that will happen when couplings are misaligned? 



« 



and wo2*n ? 



What tclerance is allowed when aligning or realigning a coupling? 



8. 



Wha.\ is the reason for using shear pins ? 



9. 



What is used to clean belts ? 



10. 



Name two reasons wHy it is harmful to ovcrlubricate equipment. 
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SG 3ABR56330-VI-4 

MAINTENANCE OF PIPELINES. VALVES, METERS AND RECORDERS 
OBJECTIVE • * , 

The purpose of this study guide is to present to you the techniques used in locating 
and repairing water leaks, thawing frozen pipelines, repairing valves . tnaintaining 
meters and recorders. 

INTRODUCTION 

A water man not only has to treat water but must also insure that it reaches the 
users. He is als(i responsible for the maintenance of the water distribution lines ^nd 
controlling valves and metering devices to insure customer satisfaction and economy of 
operation. 

The information will be presented under the following headings: 

• METHODS USED IN LOCATING WATER LEAKS IN BURIED PIPELINES 

• LOCATING BURIED PIPELINES AND VALVES 

• TEMPORARY PIPELINE REPAIRS 

• DISINFECTI^d PIPELINES 

• METHODS USED IN THAWING FROZEN WATERLINES 

• BACK SIPHONAGE 

• CROSS-CONNECTIONS * 

• BACKFLOW 

• VALVES 

• PRINCIPLES OF WATER METERS 

• OPERATION AND MAINTENANCE OF RECORDERS 

METHODS USED IN LOCATING WATER LEAKS IN BURIED PIPELINES 

The elimination of water leaks is. an important part of any water works operation. 

Water leaks may be caused by pipe failure due to expansion or contraction, vibra- 
tion, pressure, water hammer, freezing or corrosion. They may also be caused by 
using defective piping, hydrants, valves and other components in the system. 
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aLuZ^^t' ^T^^ ^"""^^^ methods: the visible flow of >vater from th • 




Figure 1. Geophone Leak Detecting Device 

The electrically-operated water leak detector ffieure 2) rnnqiQfc nf a rv.,-««^ u 
on a probing rod, a deteCor box, and a set ot e^E. ^rdiecWs u^^^^^^^ 

The location of a leak may be found by pushing the probing rod in the ™nri „n«i 

;LT^'? J^'S' P'P' °' ^^"^ ^"'^ ''^"e the intLsity y the sound?fTe leak o^^ 
the detector. Another way is to attach the unit to successive hydrants or vives and 
compare the intensity of the sound at various points. In this way the leak mav b; 
lized to a small aj-ea where the signal is most intense. ^ 

LOCATING BURIED PIPELINES AND VALVES 

The successful maintenance and operation of a water distribution sv«5fPtn ^onon^c 
on accurate, records of the location of all buried pipes 4lveranrf nfhp^r , n ^ f 
that comprise the system. A lost valve or anTnacLrate^Tockted j^^^^ 
delay operations during an- emergency. Many valves, have been fmpVopeS located o^^^ 
maps and records, and as a result, they have been "lost" manv times lost valves ^nH 
eveivpipelines have been discovered in the course of a location suTvev Buried v?iLc 
wWch have been found have sometimes been partially clo^':rcalTn;'i^^^^^^^^^ 
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I'igure 2. Microphone on Probing Rod Detects Leaks by Sound 

Records and maps showing the layout of buried pipeUnes and valves should be 
evaluated p€r..odicaUy and revised as new equipment is added to the distribution system 

\ 

The simplest method of locating buried pipelines and valves is by probing the 
ground with s" eel rods. However, if the pipes are buried under pavement or if they are 
too deep to.reach with steel rods, more elaborate detection devices must be used. 

Electrical metal dete.ctors may be used to locate buried.pipes and valves. These 
instruments consist of a transmitter which sends -out signals and a receiver that picks ^ 
themup. The- signals from the transmitter radiate, through the sending aerial in all 
directions. V^en the signals or radio waves are intercepted by metal, they are dis- 
torted causing tone difference at the earphones and a deflection of the meter indicator. 

Two operators are required when attempting' to locate buried pipelines with electri- 
cal pipe locatt.rs. The two operators start from a fixed Base line, such as- a curb and ' 
advance with^the instruments keeping the transmitter and receiver parallel at aU times 
(see figure 3). If the pipes are deeply buried, the distance between the instruments 
• . ^^u^^^S^.*^^ shallowly buried pipes. The location of the pipeline will be 
indicated by a high reading on the meter, and an increase in tone volume (hum) in the 
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earphone when the instruments are over the pipeline. After the pipe has been located, 
the instrument should be moved back and forth oyer the pipe until the silent zone is 
found. This location .wiU be ind ic ated by a 'Ipw^ne^'-or "no-tone'^ in the earphones and 
a low indicator reading. This indicates the exact center of the pipe. 





- Figuri 3. Locating Water. Main and Determining its Depth Under Pavement 

TEMPORARY PIPELINE REPAIRS ^ ^ 

Breaks in-water mains must be repaired as rapidly as possible to prevent unneces- 
sary loss of water and to keep out-of-service periods in the affected areas to a minimum. 
Complete,, adequate plans must be made well in advance to Insure prompt repaig. Tele- 
phone numbers\of key personnel should be posted. .Valves, keys and handtools should be 
available, and located in specific places when not infuse. Digging tools and a self- 
priming centrifugal portable pumps should be readily available at all times. Adequate 
pipe-repair materials must be kept on hand. Speed in making repairs to restore water ^ 
service to the affected areas is most important, i 

\ Some, of the methods used to .make temporary repairs to pipes include plugging with 
/wooden plugs, the application of iron cement, installation of saddle pipe clamps, and 
Jinstallation of mephanical compression couplings. The particular methci4 used to repair 
m pipe depends on how badly it is damaged. For small leaks, wooden plugs may be used; 
ijbut in the case of large holes, saddle clamps may be employed. The repair may require 
a new section of pipe. If so, the section of pipe can be connected with mechanical 
couplings. I ' 
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, . DISINFEdTING PIPELINES 

nnf hY^^" usiag liquid/Chlorine; a gas chlorifutor is used: Chlorine cyUnders should / 
ing pumps, b) a gravity-feed mechanism, or by portable pipe (|isinfecting units. / 

line Sdi?al?^^'* ^"t^'^ced from the, chlorinator into an auxiliary water- 
METHODS USED IN THAWING FROZEN WATERLINES 

t 

x.fnfi"o?'^^ r®^^ ^"^'^ climates, cold temperatures present almaior oroblem to 
n '^ft'"^' ^P'" "^"^^ ^« insulated and heat^ or carr S headed con^^^^^ 

iroMpr^ f ^"".^ permanently frozen. Where seasoS^S^nris^^^^^^ 

problem, pipes must be buried below the depth to which the tro^tZl^X^!! 1 1„ ^ 
also be necessary to heat stored water in col^ axe^s Because of^^^^^^ n.T^' 

the ^ '^s^s:^:^^^.^^ to 

i^^erted through a disconnected fitting and gradually advat i\T^he>^^^^ 

the thXl^e^aS^^^ci^^^^^^^^^ current for 

as a welding urit or a transformer connect^ to an A C Set) rieL^ofth^^^^^^ 

?Sr'e„?^ ^'"^ ^'"^ ^""^^^""S the currentoirce ani^^^^ a" " 

current flows t!,rough the pipe, heat is generated and the ice within tSpipe^e^^i' to 
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Figure 4. Connection Points for Thawing Service Lines 

1 . ■ > ■ . '. ' 

melti\ As the water starts to flow, the remainder of the. ice is progressively melted by 
contact witK the flowing water. The wires from the current source are usually connect^ 
to nearby hyJjranB, valves, or exposed points at thejends of the frozen sections* ' 

To-thaw pipes with a wel^ng gtenerator^or similar <iirect-current source, set the 
generat0r to the amperage required for' the^type oitp^pe to be thawed and connect the 
leads td the pipe. To minimize hazards, a competent electrician' or lineman should set 
and connect the transformers, make the connections, and assist in the thawing prqce- 
durei). ' ^ 

' BACK.SIPHONAGE 

Public health standards require that' all parts of a water supply system be free from 
sanitary defects and health hazards. Any physical connections between a wat€?r supply of 
good quality and an unsafe si^ly will not be permitted, nor will any connection be per- 
mitted between a potable supply and a sanitary or storm sewage system, including man- 
holes, pumps, valve pits^ or any other locatio^hat will allow unsafe or contaminated 
.water .to enter the potable supply. ^ 

CROSS-CONNECTION)? 

Cro8S-cc?nnection is the physical "connection of a safe supply and an unsafe or 
polluted supply. It allows liquids or chemicals of unsafe, unknowfi or questionable 
quality to flow dlrectty iito or be cti^charged intoi A potable supply. ^ ^ 

If an installation sujply is to ite interconnected with an independent supply, approval 
of the major command ana the municipality or water company concerned must be obtained. 



/ 
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BACKFLOW 



3. 



4. 



aitem?"^^ °' contaminaU or poUuted water into the potable water' 
,ue„t^•L^^;;SrT.^^^^^^^ 

voluS o?ta*.2l^w^l^ "^tW^" ^^^^ Of pollution ;in the unaafe water' the 

•installation of pl^nZf^S Ne«tive and improper des gn and 

to main breaks 1rTr^t>^^^.^l .f*®^"^* pressure results from line shutoffs owing 

1. Water Treatment Plants How between raw and treated water tanks' mav 
occur through cracke<j dividing waUs or leaking byUs^ves 

^* r^^^h.^Sf^'^fe'"*!- Valve pits and hydrants drained to sanitary sewers 
leiC'^il? o"8h sewer stoppage. Backflow-can ^cw^^^^^^ 

leaking valve stems and through drain ports of automatic valveSh^dS. 

Swiaiming Pools. Direct connections of the fresh-water inlet to the Q«Hmmin» 
booi or tffe recirculating piping crej^tes possible bacSToVc^^^^^ 

^u^tnxtuTM. If idpes supplying water closet tanks, lavatories '^inks 
?i^e UvToS ^^'f^"^*" "Khest level of hqvS lhat th?' 

fixture n»y hold, a danger of backflow exists. To prevent this condition it 1q 
necessary to provide an air gap of at least 3 times the dSmeTi of S^^^^ ■ 
pipe between the water level and the water supply! °' ^^^^ 

««.r-™f conditiohs under which backflow can occur require waterworks 

for tajM/rDr^S^! protecaon unit shown In figure 5, Is one of many units used 
lorMcimow prevention. It operates automaacaJly by means of Une uresmr. Tk. 

1 5?e°wffth'S'™«''t°''*;.^ •^■<^ to'^tS^'pto'e- Jcr'eate 

V^^^^ n ""itT' "» P"-"»»" f >l»>y» less than the supply presmw 
Water cannot How from this zone of low pressure Into the zone of higher prw^e. 

on. L°^^^ <'lf " °»">«' °>««"to control the flow of water in 

oTfl^'c^'i^^itol^^eSlT. *° "* «>« "elr'sal 
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. CHECK VM*VE NO h 

/ 




TCSr COCK NO 2 
} TEST COCK NO 3' 




TEST COCK NO 1 IS INSjAuED ON INLET GATE VALVE 

/Figure 5. Crane Backflow Preventer ■ 

V 



Valves are devices used to stop, start, or 
regulate flow of liquid into, through, or from 
piping. Essentially, a valve consists of a body 
contaiinipg an opeiiing.and a means of closing, 
the c^eriing with/a disc or plug which can be 
tighuy liressed^against a Seating surface or 
within the opening. (See figure 6. ) • 

The most widely used types of pipeline 
valyes/are the gate, globe, and check valves. 



WHEH LOCK NUT 



MCKING NUT 



T(M 



GAS<(T 



Gatjfe yalve 

1 1 Gate valves contain a sliding disc which 
mbves perpendicularly to the path of fluid flow 
aiid seats| between and against two opposite seat 
faeces to ^hut off the flow. A threaded steam 
aiKi handwheel are used to lift or iow^er the 
dijsc, to open or close the valve. 

/ ; , Gate valves are used for services requir- 
zing infrequent valve operation and wlipr*? the 
disd is kept either fully opened or fully closed. 
When fully opened, the seating design of the valve pertxiits the fluid to move through the 
valve in a straight line with ji^inimum restriction of flow and a minimum los^of pres- 



sure at the valve. 
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This type of valv« ig not fluit«bl« for a throttUng operation (where the valve is kept 
only partiy open), sin<5« the velocity of flow against the partiy opened valve disc may 
cause vibration and damage to the disc and seating surfaces. 

Most common maintenance required by gate valves is oiUng, tightening, or replac- 
ing stem or stuffing-box packing. c» i** *• 

To eliminate excessive friction between valve stem and packing, lubricate packing 
with a few drops of graphite- bearing oil. Use GG grease on packing which requires 
lubrication. Stop leakage by tightening stuffing-box nuts, forcing packing gland tightly 
SRSeMO vf *4 Pi' ^^P^*^"*^ * instructions contained in Workbook 

Operate inactive gate valves to prevent sticking. Lubricate gate valves as recom- 
mended by the manufacturer. Lubricate thoroughly any gearing in large gate valves, 
wash open gears with kerosene and lubricate with WB grease or 5190 oil. Clean 
threads on risang-stem gate valves and lubricate with WB grease. 

Globe Valve \ 

Globe valves have a horizontal interior partition which shuts off the inlet from' the 
ouUet except tiirough a circular opening in the partition. Figure 7 shows the various 
components in a globe valve, . 
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The lower end of the valve stem con- 
tains a replaceable fiber or metallic disc, 
shaped and fittMl to close the circular h6le 
in the horizontal partition. The volume of 
flow through gjobe valves is roughly pro- 
portional to the number of turns of the 
handwheeL Surfaces of the seat and disc 
nuy be either fiat or beveled, depending 
upon the type or disc. 



closely regulat<3d. 



Globe valves are used for services 
requiring frequent operation and applica- 
tions where the valve is used to throttle 
and regulate fiow. The seating design of 
this type of valve causes a change in direc- 
tion of flow through the valve body, thereby 
increasing resistance to fiow at the valve. 
The fluid fiow through globe valves can be 
To insure proper operation of g^iobe valves the following actions 



Figure 7. Globe Valve 



should be taken periodically. 

Operate globe valves to prevent sticking. Check valves for leakage and adjust pack- 
ing nut. When no adjustment can be made, repack valve. 

To prevent serious damage, repair or replace disc and seat in globe valves when 
leakage occurs by following the manufacturei's speciflfcatlons. Repairs on globe ralves 
can frequentty lye made without removing them from the line. , 
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Check Vsdves 

Check valves are used when it is necessary to control the flow in one direction only.. 
Huid flow in the proper direction keeps the valve open and reversal of flow closes it 
automatically. 

For installation purposes, most check valves are marked to indicate the inlet open- 
ing or direction of flow. There are two basic types of check valves: swing check valve 
and lift check valve (see figure 8). 




Uft ChMk VeOvv Swing Cluck Volv* 



Figure 8. Check Valves 

Swing check valves contain a hinged disc which seats against a machined seat in the 
tflted bridge wall opening of the valve body. The fluid enters below the disc. Line 
pressure overcomes the weight of the disc and raises it, permitting a continuous flow. 
If the flow is reversed or back pressure buUds up, this pressure is exerted against the 
disc, forcing it to seat and stop the flow. 

Lift check valves contain a disc which seats on a horizontal bridge wall in the valve 
body. The disc is raised from its seat by the pressure of the fluid flow and moves verti- 
cally to open. The.disa is seated by backfldw or by gravity when there is no flow- 

For proper operation, check valves should be inspected periodically. Inspect disc 
facing; if ring^is scarred, dress it^with a fine ffle and lap with fine emery paper 
wrapped around a flat'tooL 

Check pin wear on balanced disc check valve, since disc must 6e accurately .posi-' 

tioned in the seat to prevent leakage. ■* ^ ^, , 

* * \ 

PMNCIPLES OF WATER METERS , 

Water meters and flow measuring devices measure volume and rate of flow of water. 
They work on three principles: volume displacement, velocity, and pressure differen- 
tial. 




Types of Water Meters 



The main types of water meters are these: positive displacement, turbine or 
velocity meters, compound meters, and venturi tube meters. 

POSITIVE DISPLACEMENT, The positive displacement type meters use an 
"oscillating pistoti!^?-or a "nutating-disc" measuring device that drives a.^register to 
"count" the number of times the measuring chambers are filled and en^tied. These 
meters should be accurate within plus or minus 2% with changing flow rates. At high 
flow rates, this type meter restricts the flow' of water. (See figure 9,) 



.-^^ REGISTER O'ALS 
■METER GEARS 

-STUFFING-BOX HUT 



OUTLET, 




Figure 9. Nutating.- Disc Water Meter 

CURRENT VELOCITY METER. The current meter or turbine type meter uses a 
propeller device that depends on the velocity of the water to turn the recording 
mechanism. Tfhese meters do not restrict the flow as much at high flow rates. Their 
chief disadvantage is that they will not accurately measure low flow rates. (See figure 
10.) . ^ ^ , 

« # 

COMPOUND.METER. The compound meter is a combination of a postive displace- 
ment and a velocity meter. At low flow, all the water is forced through the positive 
displacement meter. When the velocity increases, a valve opens and allows most of the 
water to pass though ^he. velocity meter. Thus,- the advantages of both meters are 
utilized. (See figure 11.) - 
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VENTURI TUBE METER. The venturi tube meter uses the principle of pressure 
differential to measure flow. The pressure differential through a venturi or an orifice 
in a pipe indicates the rate of flow. The volume of water is read from recorder charts. 
(Figure 12.) 



MOUTH 




HIGH ^ifMtfll lOW |4fSSU«l 



Figure 12." Venturi Meter 

The venturi meter has no moving parts in the stream and it does not restrict the 
flow, ir is not accurate at low flow rates. ' \ 

Maintenance of Water Meters 

Repair and maintenance of the different meters are -very similar. The common 
failures are due to swollen discs, scale clogged chambers, or worn .measiiring chamber 
and disc. A water meter should operate for 5 to 10 years without trouble. A meter that 
loses its accuracy in a short time will usually be corrected by being cleancid and having 
the clearances rechecked. Hot water will swell the hard rubber disc and stop the meter. 

Cleaning must remove rust, scale and any organic materials- Scale and rust may be 
removed by a brief application of hydrochloric acid diluted to 5%. Organic, matterx^n 
be removed with detergent solutions or solvents. .r^^ 

Testixjg Water Meters ' ^ 

The action of a water meter may be watched by observing the gallon indicator on the 
register as water is flowing through the meter. Use a flow rate of about 5 gallons per 
minute for a meter up to 1-1/2 inches. If no movement is noted, remove the register 
and watch the drive gear for movement. If the drive gear does turn, the register is 
faulty or the drive gears are out of mesh. 
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A meter may be checked for accuracy by placing it in series with a fneter known to 
be accurate. This method is accurate enough for meters used for water treatment moni- 
toring.> For very accurate measurement, the meter should be checked by flowing a 
measured volume of water through the meter (see figure 13) • 



WATEH 




jS. 



TO DRAIN 



•000 METER 



DOUBTFUL MfTCft 



SUPPLY 




METERS TO iC TESTED 



MEA9(mrN« 
TANK 



Figure 13. Testing Water^Meters 

All meters have a primary element and a. secondary element. The primary element 
is in contact with and activated by the water, wfSle the secondary element translates the 
action of the water flow on the primary element in terms of water quantity or rate of 
flow. The type of primary element determines meter type. 

The secondary element of a water meter is activated by the movement or the pres- 
sure change of the primary element through either mechanical linkage or hydraulic, 
pneumatic, or electric impulse. They ar^ classified bglowJn accordance with the func- 
stions they perform: 

\ 1. Indicating devices show only the momentary rate of flow, an example is a call- 
brated staff gage. 

• • 2. totalizing or integrating devices show total flow which has parsed through the 
meter, as in a disc-type house service meter (see figure 9). 

3. Recording devlcesishow continuous rate of flow on a clock-driven chart. 
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OPERATION AND NiAlNTENANCE OF RECORDERS 

Recording devices are used with various primary elements such as the venturi tube 
and the Parshall flume. 

For example, a still well is connected with a Parshall flume, as shown in figure 14. 
The float in the well moves an actuating rod which changes the electric current in the 
transmitter. The, changes in current are reflected by the movement of a pen in the 
recorder. 




* . Figure 14. Parshall Flume with Metering Device 

• « • . • 

The pen traces a continuous ink line on a chart which is ruled so that a direct read- 
ing can be made of the volume flow. The chart is divided into 24 divisions and makes 
one revolution in a day. 



Daily servicing of recorders includes: 
1. Chaining the chart. 
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2.^ . Aligning the chart with the correct time. 

J 

^ -3. — Checking the inking pen for ink supply. 

Aff Jll" ""^^ ''f, ^^^'^ to damage the pen when you change charts on the recorder. 
Lift the pen genUy when removing a chart. If you start a hew chart at 8 o'clock in the 
morning, be sure that the chart is turned so that the 8 o'clock Une will be directly under 
the pen Be careful not to drop the pen when replacing it on the chart. When you add 

m n A . f '° ^" ""^y required. Too much ink in the pen 

will flood it and ruin the chart. 

• « 

onH HL^"^Vf^' 'J^i^""' ^' marked. With the starting date, time, and the finish date 
and time. If tHe chart has a spring drive, wind the spring; but do not wind it so tightly 
that the mechanism will be damaged. 

Periodic maintenance of recorders is accomplished according to manufacturer's 
fS*ni?t? U:, I*»i"^«'«n"includes.checking pen travel, checking calibration, cleaning 
all parts and lubricating all moving parts. ' 

SUMMARY ' , 

Locating water leaks guickly, to insure proper operation and servi'ce, is very 
important. There are various methods used to locate leaks ranging from li&tening for 
hissing sounds to the use of sound detection instrufioients. All leaks should be repaired 
as soon as possible, and the water systems placed back into service. 

In order to operate and maintain a distribution system, accurate and up-to-date 
records of all buried pipes, valves, and other components should be kept readily avail- 

Some of the methods used to repair leaks in water pipes include plugging with 
wooden plugs, the application of iron cement, use of mechanical compression couplings 
and4nstallation of saddlejjipe clamps. The particular method used depends on how badly 
the pipe is damaged. The pipes have to be disinfected after repairs are made. 

«i" cold climates, frozen water lines become a problem.- Pipes can be thawed by 
•juUdlng a fire close to the pipe, steam thawing, or electrical thawing. 

Back siphonage can become a health hazard. Where the possibility of back siphon- 
age could exist- backflow preventers must be installed. , 

„ , .L^l^ot.inoperative valvetf are another problem common to the distribution systems 
■Valves should always be kept in good operation for proper control of water flow The 
most widely used types of valves are the gate , globe, and check valves. 

Water may be measured in terms of rate of flow or total volume. Units and equi- 
valents usually us9d are: cubic feet per second (c.f.s) is used to measure rate of 
streari flow; gallons per minute (g. p. m. ) expresses pump output; million gallons per" 
day (nf. g. d. ) expresses daily flow or rate of flow; and thousands of gallons per day is 
also used in preparing reports. 6 = p^* « 



* Due to close tolerances used in the umnufacture of water meters sticking or Ending 
may develop from accumulations of scale and sand or use of hot water. When frouble 
develops, the meter should be cleaned and checked for accuracy. A check with another 
, dependable water meter is accurate enoug^i for normal water treatment control purposes. 

Recorders are sensitive instruments. They should be handled carefully to prevent 
damage. Daily servicing of recorders includes changing the chart, aligning the chart 
for the correct time,*.and checking the ink supply. The charts are kept as a daily record 
of total i^ant flow, • , / 

-: / 

QUESTIONS 
U Name six causes of water leaks. . 

2. Name five methods used in locating water leaks 

3. What is required for the successful maintenance and operation of a water distribu- 
tion system? | 

4. What is the simplest method used for locating buried pipelines and valves? 

5. What items of equipment are kept readily available for emergency pipeline repair? 
"6. Name four methods used for temporary pipeline repair . 

7. What is the required chlorine residual, content and contact tinie for disinfecting 
pi|pelines? ^ \ 

8. Name .three methods used fo r thaw ing frozen pipelines . 

9. What is a cross-connection? 

4 

t ♦ 

10. What three conditions can cause backflow . 

11. Name two methods used to prevent backflow ? » 

12. Why can't a gate valve' be used for thrdttling service? 

13. What are the two basic types of check valves? * 

14. What type of meter uses a nutating disc ? 

15. How are scgle and rust removed from wafer meters? 

REFERENCES 

1. AFM 85-13, Maintenance and Operation of Water Plants and Systems. 

*' 2. AFM 85-14, Maintenance and Operation of Sewage and Industrial Waste Plants and 
Systems., , ' 
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/ * CHEMiei^L FEEDERS- 

OBJECTIVE . " ' 

/ The objectives or this study g^de are to increase your knowledge of the, different 
types of chemical feeders and to help prepare you to operate and mainUin this/equip- - 
ment. 1 

INTRODUCTION « • . _ ^' i/ 



GAS FEEDERS 



Water treatment usually includes the feeding of ehemicalis at a controlled riite , , 
which is in proportion to the volume^of water being treated. Various types of chemical 
feeders are available; the three main.types being gas feeders, solution feeders, and 
dry chemical feeders (these terms indicate the state or condition of the chemical when 
it is added to the water). 

The information in this study guide' will be presented under the following main 
headings: , , 

I 

/ 

I 

• SOLUTION FEEDERS/ 

• DRY CHEMICAL FEEDERS 

You are encouragfed to read the more extensive^rafverage of :this iiifbrmattonwhlclT" 
is contained in the material referenced at the end of tfiis study guide* ' ' 

GASFEEJDERS • 
Gas Chlorinators , : \ \ 

. The- chemical gas feeder which you are xnoflt likely to operate for the Air Force is 
a gas chlorinator • With respect to the method by wMch the discharge rate is controlled, 
there are three types of gas chlorinators: (1) manually controlled type, where the ^ 
equipment must be started and stopped manually, \Sihd the rate-oMeed is manually 
adjusted to.tlje rate of water flow; (2) semiautomatic type, wheM the. equipment sUrts 
and stops automati(?ally, but must be manually adjusted to the ratSof water flow; /SJ 
fiilly automatic type. Note, in all three types, the amount of chemical dosage is s*.by 
/manual adjustment. / -^^ ^ 

' - \ • 

Gas chlorinators may also be classified as being either direct feed pr solution 
feed. ^ i 
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DgE.CT FEED CHLORINATORS. This type feeds the chlorine r*8 directly into the 
^r*'* feed chloruiators may be called". "pressure gas chlorinators" 
or direct diffusers'! and are<used chiefly as emergency equipment on small installa- 
tions where it is.npt possible to obtain a water -supply suitable for o^rating a solution 
feeder, They cannot be used where the pressu]^ of the water is "mbre than 20 p. s. i • 

Hl!f.*fVfn*Lul;^°'iS' ^^"^ 1!?'!!'' pressure a? a «as at all times, they are Highly suscep- 
tible to leaks. Should a chlorine gas leak occu^ere will be extensive corrosion or ' 
adjacent equipment and structures. '.mm Y • ' 

^ • • . 

SOLUTION lEEDCHLORINATpRS, There are two general ^s of solution feed 
chlorinators: (1) the "bubbling" or "pulsating" reduced pressure typ§, (2) the 
"vacuum" type. Since all solution feed chlorinators keep the chlorine gas under a par-' 
tial vacuum, they cause fewer chlorine leaks thai; the pressure gas chlorinators. Note. 
r^d"hf Slto chlorinators have largely replaced the pulsating type solution 



The solution feed chlorinators are also cUssified by the type of ^phragm used in 
controlUngJhe chlorine feed. One type uses a water diaphragi^i, while the other type 
uses a mechamcal dUphragm. The water diaphragm is always\a vacuum type, so it has 
tne advantage of being friction free and having a puncture-proof diaphragm. \ 



PREVENTIVE MAINTENANCE: m order for gas chlorinators to operate satisfkc- 
torily for lengthy periods, it will be necessary for the operator to perform the following 
\ preventive maintenahce inspections. The following inspection inteF^^ls are based on the 
reconamendations of experienced engineers and operators, the ^uipment guides of'^ 
manufacturers, an^ standard text books. i r s 



a. Eac h DAlg the equipment is operated; 



■V 



(1) Inspejct for leaks. Examine, chloirinator and ill piping for chlorine or - 
water leaks. AH chlorine leaks are serious because they increase rapidly in size and 
cause extensive corrosion and damage. Red discoloration means scafe. To locate 
chlorine leaks, hold the mouth of an unstoppered ammonia-water bottle near all joints 
valves, and along|piping; any white fumes from the bottle are ammonium chloride^and 
indicate a chlorine gas lealt.-Keep ammonia-Water bottle tightly stoppered when not in 
use to prevent loss of strength. , i 

\ • ; , 

(2) Operate Chlorine Valves. Open and close all chlorine vilves t#prevent 
tJireads on the valVe stems from becoming set in one position. Do hoi use force in 
closing a valve, (pheck stuffing, boxes. I^epair or repUce faulty valves at once. 

(3) _Chedc Gas System. Check that all piping and parts carrying chloriiie gas 
are operating proberly. See that metering devices, pressure reducing and shut-off 
valves-function prdperly. Disassemble and clean where necessary, determining the 
eauM of th* #..,u At^first sign of weakeairig, replace any 'faulty parts. . 



\ 



■ (4) Check Vacuum ReUef. Make sure the entire assembly operates properly , 
and that the relie^-liose is not plugged. Insects, Such as'mud daubers, may plug such 
lines by building n^sts in them, » J' f » 
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b. , Weekly: 



/ ^ Thoroughly clean chlorinator cabinet y glass parts ^ Hoats^ metering devices* 
and otfier parts in which dirt:mightJnterfere with operations or make equipinent* un- 
sightly » clean and cover unpainted metal that mig^t corrode with a good film of petro** 
latum or similar protective compound. ' • 

c. Monthly: ^ . ' ^ 

^ Check water system. Clean^the water strainers^ and check pressure- reducing; 
valve for proper operation, .See thatlloat valves are properly controlling water levels 
and that there is little or no leakage. ^ See that water flowing to waste is not excessive 
and that\ water levels are kept at their proper elevations. See that ejectors have their 
ample capacities. If they do not^ ren^ove arjd cl^an with muriat ic acid. 

#«' 

d. Quarterly: 

Disassemble or Operate Hard Rubber Threads, Valves, and Parts. Hard 
rubber threads or iarts on a chlorlnator freeze or stick when not operated for long 
periods, causing l^ak^ when parts are disassembted. To keep the threads irom 
^freezing, operate all parts n^ded to keep chiorinator in service. Do this more often if 
found necessary MBefore reassembling such parts, cover wit^^ graphite. 

3. • Annually^ 

(1) Overhaul. Disassemble and clean all cfilorinator parts thorou^ly.^ Paint 
chiorinator cabinet inside and out with rust- resistant paint. Carefully exaniine | ach 
chiorinator part. Reassemble and check for proper operation. / 

' . ■ j * 

(a) The only safe liquids for cleaning chlorine lines are wood alcohol and 
carbon tetrachloride. After cleaning,"* allow cleaning solution to evaporate to dryness. 
Ethyl alcohol or ether must NOT be used as they*react with chlorine to form,a solid 
waxy substance which is very difficult to remove. Water reacts with chlorine to form' 
a highly corrosive acid, ^ 



Oi) Oil or grease react with chlorine to form a bulky,* frothy substance. 
Therefore , they should NOT be used as lubricants at points where, they may come in 
contact with chlorine^ , ^ ^ ^ ■ 



(c) Con^nsatibn foriking on chloriner cylinder outside walls may corrode 
scales and other equipme nt aroun d the cylinder. Guard against such damage by insuring 
that there is sufficient ventilation around the equipment to keep everything dry. An 
electric fkn may suffice. Do not apply direct^heat to dry the cylinder. * 

(d) Itjisi^ngerouflLt^^ increase the rate^ of gas withdrawal by 
heating chtorine~cyU^aersor contaljners above the normal room temperature with* hot 
water baths or oth^r means. Insi^ct regularly to see that chlorine cylinders are not 
exposed to direct ^\in heat or near steai^ or^ hot water lines or bthe'r sources of heat. * 

(e) Use a new lead gasket each time a valve or tube is connected and when 
replacing em'^y chlorine cylinder's > Use only ONE lead gasl^et. 



(2) Examine Solution Tube, Check tubing for abrasion or cracking that mig^it 
ctuM leaks. Inspect tubing for kinks or for mineral deposits restricting discharge. 
Remove iron or manganese deposits restricting discharge. Remove iron or manganese 
deposits from diffuser tube by adding ten percent solution of hexameta-i*osphate or 
septa-phosphate to make-up water, at rate of one drop per minute, Tq add reagent, 
attach rubber hose to the bottle containing treatment solution, and place a pinch clamp 
on rubber hose. Invert bottle and adjust pinch clamp for proper feed rate, Contimie 
until deposit is removed. (See figure 1. ) 




• Figure 1. Rear View of Vacuum Type Gas Chlorinator 
SOtUTIONvFEEDERS 

Hypochlorinators. 

A hypochlorinator is a good example of the chemical solution feeders. Its principle 
'function is to introduce chlorine, in the form of sodium (or calcium) hypochlorite solu- 
tion Into the water supply. The same type unit is sometimes used to feed chemicals 
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(usually a polyphosphate solution) for scale and corrosion control. Hypochlorinators are 
usually modified positive displacement, piston or diaphragm, mechanical pumps. How- 
ever, hydiaullc displacement hypochlorinators are also used. Hypochlorinators may be 
manually controlled, semiautomatic, or fully automatic. (See figure 2.) 



^ 




Figure 2. Motor-Driven liypochlorinator with Semiautomatic 

Control ""^ 



PREVENTIVE MAINTENA^ICE . (For Pump Type Solution Feeders) 
a. Each DAY the equipment is operated: 



being fed. 



(1) Check Operation. Inspect sight- feed indicators to insure that solution is 



(2) See that automatic controls start and stop properly. 

(3) Make sui'e there is enough prepared solution. 

(4) Check for leaks in piping Joints and packing glands. 
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b. - Weekly: 

Clean Feeder. Remove and clean glass and plastic parts of sight-feed indicator. 
Remove white coating caused by hard water in the hypochlorite solution by soaking in 
five percent solution of muriatic acid. 

c. Monthly: * ' 
Clean and flush solution tank/ 

(1) Clean suction strainer and hose. 

(2) Disassembl , inspect, and clean solution diaphragm chambers and check 

valves. 

(3) Clean screens and strainers on water*operated feeders. 

(4) Exercise all shut-oiff valves and length- of- stroke controls. 

d. Annually: 
Overhaul Feeder. 

(1) Replace worn parts and packing. 

(2) Clean screen in water meter. 

(3) Touch up and paint all metal parts. 

DRY CHEMICAL FEEDERS 

The amounts of dry chemicals added to water must be carefully controlled to insure 
uniform treatment. The dry chemical feeders may be either manually or automatically, 
controlled. They are accurate, and simple to operate. Those which are automatic have 
been equipped with flow-measuring devices which proportion the chemical feed to the 
rate of water flow. 

Dry chemical feeders may be of either the volumetric (see figure 3) or the gravi- 
metric loss- in- weight type (see figure 4 ), 

Volumetric feeders displace a preset volume of chemical and will deliver as little 
as three to four ounces per hour to treat supplies of 200,000 gallons or more daily. 
Gravimetric feeders displace a definite wei^t of the chemical and will feed as little as 
one pound per hour. They are used to treat supplies of 5,000,000 gallons (or more) 
daily. Chemicats which are commonly fed in the dry condition include lime, soda-ash, 
alum, and the fluoride conipounds. ^ 

^ 




r 
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Figure 4. Loss-in- Weight Gravimetric Dry Cheiiiical 

Feeder 
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PREVENTIVE MAINTENANCE (For Loss-in-weif^t Type Gravimetric Feeder) 



a. Each DAY the equipment is operated: 

(1) Clean and Check. Clean feeder, feeder mechanism, and surroundings. 
See that scale is sensitive to small changes in weight. Whenever feeder is completely 
empty, determine tare weight, or see if scale indicates zero weight. Look for oil drips 
and wiring defects. Observe general performance of feeder, changing tare weights of 
scale. Probe solution tank for sediment or undissolved chemical. Clean tank and im- 
prove dissolving conditions if necessary. If chemical feeder is out of service, see that 
hopper and feed mechanism Is empty and that condensation Is not causing cprrosion or 
deterioration. 

b. Weekly: 

Inspect for loose bolts and defective parts. Carefully wipe clean all parts of 
feeder? Inspecting for andrepalrlng loose .bolts, leaks, defective parts, and the like. 

c. Quarterly: 

Service drive mechanism and moving parts according to manufacturer's instruc 
tlons. See also Ubles 10 through 14 and section 2 of part H PREVENTIVE MAINTE- 
NANCE of AFM 85-13. 

d. Annually: 

Overhaul Feeder and Scale « Disassemble feeder and clean and Inspect all 
parts for wear or deterioration. Clean and paint feeder inside and out where necessary. 
Make qecessary repairs and properly lubricate all mechanical parts. Service motors 
and (^ve mechanisms. 

SUMMARY 

Most methods of water treatment Involve the addition of some type of chemical to 
the water. To feed these chemicals under controlled conditions, we must utilize chemi- 
cal feed pumps. The three main types of chemical feeders are gas feeders, solution 
feeders and dry chemical feeders. The best way to keep the chemical feeders operating 
properly is by strict adherence to the preventive maintenance schedules, as prescribed 
in AFM 85-13. 

QUESTIONS 

1. Why are all chlorine leaks serious? 

2. Why should all chlorine valves be operated dally? 

3. Why should you never use oil or grease on gas chlorinator valves or fittings? 

4. How are chlorine gas leaks located? 

5. What is the big disadvantage of ji direct feed chlorinating system? 
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6. How is the easiest way to prevent the valves on a gas chlorinator from sticking? 

7. List two chemicals commonly added by means of a solution feeder. 

8. Assuming that the chemical feeders are in operating condition, how frequently 
should they be overhauled? 

9. How do you make.sure that the solution is being fed by a proportional type solution 
feeder? 

10. What provision is incorporated in dry cheniical feeders tb insure a continuous, 
even flow of the chemical out of the hopper? (See figure 3. ) 

REFERENCE 

AFM 85-13, Maintenance and Operation ^? Water Plants and Systems 
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MAINTENANCE 01 SEWAGE PLANT EQUIPMENT 
OBJECTIVE 

Upon completion of this unit of instruction, you will be able to identify 
the inspection , and maintenance procedures as. performed by the waste 
plant operator. 

INTRODUCTION 

Waste treatment equipment is designed to last for many years without 
mechanical breakdown, but eventually it happens. Worn parts must be 
replaced, bearings must be lubricated and inspections must be performed 
to determine when maintenance is needed. 

The general standard for maintenance of sewage plant equipment is 
that they shall be in operating condition at all times. This means you 
have to recognize equipment failure and know how to repair any defect as 
rapidly as possible. 

Subjects in this unit of instruction will cover maintenance on the 
following equipinent. 

• GRIT CHAMBERS 

• COMMINUTORS, SHREDDERS AND BAR SCREENS 

• SEWAGE LIFT STATIONS 

• SEDIMENTATION TANK . 

• TRICKLING FILTERS 



• DIGESTER AND DIGESTER EQUIPMENT 

GRIT CHAMBERS 

Equipment used in grit chambers is usually made of heavy cast iron, v 
This is so that the metal will not wear away easily. The scrapers, 
buckets and shoes are used to aid in the removal of sand and gravel. 
They will eventually wear down and have to be replaced. 

fi2 
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When scrapers, buckets or shoes have to be replaced, the usual 
method is to pull out a large steel connecting pin so that the worn piece 
will drop off and a new one can be installed. 

If chains are used to drive equipment, the chain sprocket axle will 
need.lybrication. Normally, the grease found in sewage will be enough 
to keep the chain sufficiently lubricated. 

jDome grit chamber equipment has zerk connections for grease guns 
ond^spme have oil reservoirs that lubricate the bearing. If these are 
serviced regularly, the equipment will last many years. 

Most grit .chambers use electrically-^powered equipment. Thjg 
inspection and cleaning of motors are your resporisibility. Since you 
must keep the equipment operating at all times, you must oil the bearings, 
and keep trash, dirt and rags from the motor. Never wash a motor to 
clean it. Water will cause the motor to short circuit and burn out. 

COMMINUTORS, SHREDDERS AND BAR SCREENS 

Comminutors a^.d Shredders 

Comminutors and shredders are both used to grind or break up large 
solids. In either case there are wheels or drums that turn on an axle. 
These axles have lub'ricating points which must be oiled at recommended 
intervals, perhaps daily. . * 

Comminutors and shredders are powered by an electric motor 
(figure 1). ^- 

Electric motors must be inspected occasionally for overheating, 
noise and lack of lubrication. The motor drives the wheel or drum to 
which is attached the cutting teeth or blades. Sand and grit eventually 
dull the cutters. During an inspection if the cutters are found dull, a new 
or resharpened set must be installed. 

Bar Screens . Bar screens are usually heavy cast-iron gratings 
that stop large floating matfei4als. Maintenance is seldom required on 
the screen itself; however, if the screen has a mechanical scraper, then 
the gears, bearings, drive chains, and electric motor require servicing. 
Lubrication of these parts is simple, but very important. 
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SEWAGE LIFT STATIONS 
Lift Stations 

ground to a higher point so thp Zff. ^ ^"^^"^ ^ ^^a under- 
again. For this reS^on the 's? h "f '^^^^^ 
velocities. The pumps must SS^Ll ?1 ^"^^^ ^^^^ quantities at low 
solids to pass through th^m' ^^^"^"^ '° ^1°^ large 



Pump Maintenance 



They';^''verr^^5j'„'S^,»« 2^^^^^^ -e of heavy-duty construction, 
inspect them to see°?/a«ir%S?i^ hf 5"™ "e*^ 
Normal servicing ^chTlubrlc^S iSTll*" J" 
• be required. ^" ^ '"""""on ttsMemng packing glands will 

Building Maintenance 

depth of sewage reaches a certal^ S f."""^"* 5Vhen the 

on and pump tte le?el do™! ^T' ^"'^ automatically come 

■ Maintenance on the building can actiiTy be divided intn th.«= 
ate areas: ceilings and upper walls, lower ^^^s ^^fheTrhlVoL"''"' 

the time' from"fonZ?aH™ ' s™^r "'"^^ ^'''^ ^> 

humidity and tMs acid eate ;t C^,,^''."^ 't*" 

metal ilthe pipes^d wtadows ">« building, it corrode*the ' 

on th^x^s :r^M4t'2^°f [sr^sT ^ 

that I?be"w S?e'?^=^e'l"^e^S^ '1 '"^ ''^^"^ 

walls and has to be^?fao^ Sid i ''^^ °f ^^^^^ "P ™ 'he 

creates nuisance odors'^^iil^Csl""- ^"""'^»«<'" <=' S'ease ' 

iob is usn.1; d^^f :rafl',^- ^'l^n^^l^^^T.-IJ,^ 



I SEPIMENTATION TANK 



, There are many types of sedimentation tanks, however, they all 
reqviire inspections and maintenance. Some waste plants have installed 
new sedimentation tanks, and maintenance can best be performed by 
following the manufacturer's instructions. 

Older plants have equipment listed in AFM 85-14. When performing 
other than very simple maintenance, a set of directions should be 
followed. 

To be a good maintenance man, you must know the machinery and 
the names of tl^ parts that make up a complete unit. It is not within the 
scope of this course to teach the many small components of equipment; 
therefore, you will have to follow printed directions in much of your work. 
Directions will take th§ form such as shown in the following paragraphs. 

Inspection arid Lubrication 

Check oil level in speed reducers, oil baths and gear cases, and jsee 
^that oil is clean and of good body. Drain a small amount of oil from- 
bottom of gear casings and oil batiis to eliminate any accumulated water. 
If oil is gritty or lacks body and oiliness, change it promptiy.' 

Lubricate countershaft bearings\^th a small amount of grease 
forced through each of the fittings. (Dp not overlubricate. ) . Excess 
grease enters worm gear housing and nfiixes with oil producing a heavy 
oil that will not flow properly around ball bearings and worm gears. Too 
much grease may force shaft seals but of place. 

Do not lubricate bearings submerged in sewage except when unit is 
taken out of service and emptied. Before starting equipment in which 
bearings have dried, lubricate with light oil. Inspect bearings to see 
that they are anchored securely; Grease pillow block bearings until 
gre^e squeezes out at the ends. 

. Small bearing ppints use Oilite bushings of porous bronze, which 
soak up and retain ai large amount of oil. These bushings do hot have oil 
holes as oil penetrates them readily. To lubricate, put a few drops of 
light oil in the cups- to keep bushing saturated. Some bushings are made 
of grap^tized bronze and require no further lubrication. 

Roller^ains are lubricated by two methods. If the chain is totally 
enclosed, it is lubricated by dipping into an 6il bath. If the bottom of 
the chain guard is open, the chain is lubricated by squirting or brushine 
the lubricant on the chain. ^ ^ ' 
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Chains usually deteriorate when not used for long periods. If chain 
~" is-to be idle long, remove it, coat it with a heavy lubricant and store it 
until needed. 

Replace worn or damaged links promptly to prevent unnecessary 
„ vear on adjacent links and sprockets. » 

Tighten chains, if loose, by removing links and/or proper positioning 
of takeup shafts or drive equipment. In final tanks where takeups are not 
used, place chains around sprockets and remove links until chains reach 
desired tension. 

c 

Check drive cable for amount of slack and if it is excessive, correct 
it by adjusting takeups at opposite end from drive unit. In general, a 
cable which is slack, rather than too tight, will minimize wear On cable 
and mechanism, y On cables that are not submerged during operaSon, 
make necessary adjustments to compensate for difference in cable1,ength 
caused by winter and summer temperature changes. \* 

Inspect wood flights for cracks and make sure they are securely \ 
fastened on attachments. If bolts are loose, tighten them and peen end of. 
bolt„sb nuts cannot work loose. Weld steUite to steel wearing shoes when 
they become worn, to prolong their usefulness. 

Before starting collector equipment oh some units in extremely cold 
weather, make sure that ice has not frozen chain to sprocket, if. chain 
has frozen to sprocket, remove guard and pry chain loose with a bar. 

Flush Sludge Line 

Back-blow sludge line with compressed-air or high-pressure water. 
Protect water connection against cross connection hazards. See that 
sludge or foreign matter is not plugging sludge line. 

Check Tanks for Sludge Overload' 

If sludge overload is built up, open discharge while machine is run- 
* ning. If the overload on the motor is so great that heater coils in starter 
box opens the switch and stops the machine, drain the taiik and sluice out 
the sludge. 

^ CAUTIONS. When the overload alarm rings the bell or stops the 
motor, do not try to keep the equipment running. Instead, find the source 
_ Jf trouble^and remoye it.^ start the-equipment with a 

load of sludge in the tank. Do not tamper with the overload alarm switch 
adjustments just to keep the machine operating. 
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If a foreign object drops into the tank, stop the machine and try to 
remove the object, if necessary, cutting off influent to stop sludge 
accumulation. If the object cannot be removed with tank filled, drain the 
tank and remove the object before resuming operation. 

■ TRICKLING FILTER 

Lubrication prpcedures already given can be applied to trickling fHter 
equipment. Inspection and maintenance procedures for trickling filter 
equipment will be discussed in the following paragraphs. 

Inspection and Maintenance 

Inspect spreader jets, splash plates or orifices and clean them if 
necessary. Before replacing orifice cover, ^ply grease or Tite 
Seal compound (furnished with some equipment) to threads to prevent 
leakage. 

Some distribution arms have gates on the end of the arms which can 
be opened after cleaning the orifices to flush out the distributor arms. 

Adjust turnbuckles or vertical guy rods sUghtly when necessary 
during hot weather to prevent the distributor arms from coming too close 
to the bed surface. If spreader jets are used, operate them' with hinged 
fi^ down to distribute sewage more evenly. In cold weather, adjust 
turnbuckles as required to keep arms level, in adjusting, balance all 
arms exactly by measuring to a mark on filter wall. 

Check to see that distributor arms and branches are level. If arms 
and branches are dismantled from center column, replace them in their 
original position because no two arms or branches are alike. 

Check the distribution of sewage over the filter bed. Inadequate 
coverage of filter media results when distribution is poor. Overdosing . 
one portion of fUter may cause ponding of that portion only, as it prevents 
intermittent penetration of air and deprives bacteria of the necessary 
oxygen-supplyr— The outer part of the distribution arm sweeps a larger 
area so make sure a proportionately greater quantity of sewage is dis- 
charged by that part of the arm. 

Inspect the elbows that fiush the tank wall. The funQtion of thesfe 
small elbows in the dump gate is to control the development of filter fiy 
larvae by directing a stream at the tank wall. Clean the elbo\i^s and 
check the flushing action. If necessary, turn elbows to direct stream at 
different pytion of wall or change their size. 
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Mercury Seal 



Distributors equipped with a mercury seal have an annular mercury 
well between the stationary column and the rotating section to prevent 
water from getting to the support bearing. If the seal is accidentally 
blown, mercury is caught in a trap below the manifold. When draining 
seal or trap, catch mercury in a glass, earthenware, enameled or steel 
container. Never use galvanized or tin container as mercury mixes with 
solder, destroying the joints. 

Cleaning Mercury 

Wash mercury by placing in container with a tight lid, adding water 
and shaking it vigorously, then pour off the water. Repeat until mercury 
is clean. 

To remove any grit, place mercury on dampened chamois skin, 
water passes through chamois and grit particles adhere to chamois when 
mercury is poured off. Repeat this procedure several times if necessary. 

If the mercury has become badly sludged, dissolve the sludge -^ith 
kerosene, then treat it with a 50% concentrated solution of nitric acid and 
wash with a sodium bicarbonate solution to neutralize the acid. After two 
or three washings in water, the mercury is ready for use. 

DIGESTER AND DIGESTER EQUIPMENT 

In an earlier block of instruction, the purpose and operation of 
digesters were thoroughly discussed; therefore, t'nis section will be 
devoted to maintenance only. 

There are many makes and designs of digesters and it is beyond the 
scope of this course to teach maintenance on every type of digester. A 
study on general maintenance will enable you to adapt your knowledge to 
any type of digester. 

Structure Maintenance 

Most digesters have a concrete exterioi* and it must be inspected for 
cement chalking. Chalking is a powder condition usually caused by chemi- 
cal attack on the concrete. To stop chalking, the concrete should be 
wire- brushed or sandblasted down to hard concrete and then a coat of 
paint applied. 
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fh. been found in hot cUmates that light-colored paints increase 

the efficiency of digesters because of the cooling effect. Dark-colored 
paints cause the digester to warm up and become overactive. . 

«rin,^^^if''^°I^®*^.PjP^^ ^^^^^ be cleaned of rust, ttien 

The interior walls and floor of a digester will require little or no 

Tr^ilf should be inspected for stress, cracWr^and 
breaks and repaired as required. 

i«e ^f*? °" *be underside of a floating cover digester should be 
inspected for rust. If the digester has been in operation for any length of 
time, there will be a lard-Uke coating on the metal parts Dnot>fmove 
this coating as it protects the metal from corrosion 



Cover Maintenance 



tvnplf m^dntenance is required on the outside of the cover on Ly 

JSfrlt ^ «^ production is noted, it normally ^ 

yoft:\?cL4tMeS^! ""^"""^ "^^•^ ^^'^^ 

has b^.n'^nS^Ji^M^^ ^^^"^^^ P^^" ^'J' '•^s. When the tank 

rS« ..^ J^^^' J5! P^^i'^"" the rollers and 

rails can be inspected for breaks and corrosion.. 

Pipeline Maintenance 

fhon P^^V^ °" ^ digester requires no special inspections, other 

than prevention of corrosion. Proper painting will preveSt rust problems. 

^®''*°''P^P^*'«^°°*®^ lard-coated and corrosionis no problem. A 

w7r^,?PiP'P V?" r^^y unplugged by tying into aMgh-pressure 
water supply and back-flushing the pipe. «Bure 

Pressure Relief Assembly Maintenance 

one u^t m^nf^^. ''f assembly and waste gas flame trap are usually 
one umt mounted in the center of the top of the digester (see figure 2). 

^ifKil'lt^^f ® ''^^^^ assembly holds a preset amount of gas pressure 
within the digester. Maintenance on this unit includes checldng it for 
operation and inspecting the leather diaphragm for cracks. 

70 



2ns 



\ 
\ 





Figure 2. Pressure^Relief Waste^Gas Plame Trap 
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SUMMARY 

Maintenance of sewage treatment equipment is not an everyday job ; 
however, inspection of the equipment is a constant job. 

Anytime you look at the grit chamber, bar screen or comminutor, 
you are observing for operation, unusual noises or an3rthing out of the 
ordinary. 

Sewage treatment equipment must be kept in good operating condition 
and occasionally cleaned. Exposed iron must be protected from corro- 
sion, worn parts removed and replaced, tanks occasionally drained and 
hosed down. 

Good maintenance and regular inspections prevent sewage plants 
from becoming a worn-out health hazard. 

QUESTIONS 

1. What is the general standard for sewage plant maintenance? 

2. Name two methods used to remove grit from a grit chamber. 

3. Which two units use cutting teeth in their operation? \ 

\ 

4. What is most likely the cause of pump stoppage in a lift station? 

5. In a sewage lift station, where would corrosion be most apt to occur? 

6. What material is usually fotmd as a coating on the walls of a lift 
station? . . ^ \ 

7. What two methods are suggested for tighteniilg chains on sewage 
plant equipment? 

8. If the arms of a trickling filter are not level, what might occur to 
the filter bed? 

9. How can a gas leak in the top of a digester be easily located? 

10. What flexible component within a digester pressure relief valve 
needs inspection for cracks ? 
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PtJMP MAINTENANCE 

OBJECTIVES 

' The objectives of this study guide are to acquaint you with the types of pumps used 
in water and waste systenis, to give you an idea of the pump maintenance which is 
required, • and to give you a knowledge of the major parts of ^ centrifugal pump. 

.INTRODUCTION. 



Pumps of different design and sizes will be required to pump water from the source 
to the water treatment plant. After treatment, additional pumping may be required to 
force the water into the mains or into the storage reserviors. Many types of pumps are 
required to operate a sewage system at maximungt efficiency. 

The information will be presented under the following headings: 

, • TYPES OF PUMPS AND THEIR INSPECTION & MAINTENANCE 
REQUIREMENTS 

• GENERALINSPECTION ITEMS FOR PUMPS 

• MAJOR PARTS & COMPONENTS OF A CENTRIFUGAL PUMP 

You are encouraged to read and become familiar with the information which is 
contained in the references listed at.the end of this study guide. 

TYPES OF PUMPS AND THEIR INSPECTION 
AND MAINTENANCE REQUIREMENTS 



Pumps used in the water supply system are classified according to both design 
and use, and they include five-major types. The major types are: velocity, displace- 
ment, turbine, air lift, and ejectiwi;^ 



Velocity Pumps 

Velocity pumps include centrifugal (vertical or horizontal), mixed flOM^d«iel-- 
flow pumps. 

CENTRIFUGAL PUMPS, "^(^cer^ugal pump consists of a rotating impeller; an 
impeller casing, and a flow receiving chamber. The impeller is a radial group of 
vanes curved backward from the direction of rotation and mounted either directly on 
the shaft or on a single disk (open impeller). The impeller and impeller casing are 
usually enclosed by a flow receiving chamber with a volute or progressively expanding 
spiral passage. In sonae types, the flow receiving chamber is an annular passage to 
the shaft. In either type the cross-sectional area increases toward the point of dis- 
charge. . Centrifugal pumps have many forms, such as single or double suction, and 
single or multiple stages. A horizontal, double suction, volute pump is illustrated 
in figure 1. 
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Figure 1. Horizontal Split- Case Double-Suction Volute Centrifugal Pump 

. Centrifugal pumps are the most commonly used type of pump in water systems 
because they are well ad^ted to electric drives and a wide variety of operating con- 
^ ditions. For reliable operation, suction head should not exceed 15 feet. Multiple 
stage centrifugal, pumps are used where high discharge pressures are required. 

Operating Precautions. By observing these precautions, you will eliminate many 
of the commonly encountered problems with centrifugal pumps. 

(-1) Fill centrifugal^pumps with-water before starting them. This procedure, 

.known as priming, lubricates close-fittijig sealing rings and packing, and insures that 
X the pump is free of air or air bubbles. 

(2) Make certain that suction piping is airtight. 

^.^».'< ' '* 

(3) > To operate at design capacity, keep speed of rotation and total head as close to 
design figures as possible, When^otal^head is less-than-that^ibr which the pump is 
designed, the^pump motor may overload and overheat. 

MIXED FLOW PUMPS. Mixed flow pumps are similar to centrifugal pumps, with 
the exception .that the^ii^eller discharges water in a patch inc^ned on the axis of the . 
shaft. The flow receivin^chamber is either a volute passage or an expanding dis- 
charge pipe similar to that bfvan axial flow pump (see figure 2). 

Operating Precautions. Ope^aMng precautions are the same as for centrifugal 
pumps. 
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Figure 2. Mixed- Flow Pumps 



AXIAL- FLOV/ PUMPS. Axial-flow 
pumps ^ also known 'as propellex* or screw 
pumps y consist of a rotating impeller 
resembling the propeller of a ship, a 
cylindrical casing, and a slightly expand- 
i2ig annulor discharge passage, see 
figure 3* Axial-flow pumps are suited 
only for very low head (5 to 30 feet), high 
capacity service. Their principal use is 
for industrial irrigation and storm water 
pumping. 



Displacement Pumps 

Displacement pumps may be recipro- 
cating or rotary (each of which may be 
vertical or horizontal). Reciprocating 
displacement pumps include piston, plunger, 
and diaphragm pumps. Rotary displace- 
ment pampr"include~the-helical-Totor-but-rnot- 
the rotating types such as centrifugal and 
axieUflow pumps. 




Figure 3\ Vertical Axial- Flow Pump 
with Screw Type Impeller 
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Figure 4. Reciprocating Well Pump 

Reciprocating well pumps are normally used for small wells or moderateXdepth 
with capacities less than 25'g-.p.m. ' They are used at such locations as firing ranges 
bivouac areas, and other small faciUties not served by the installation water sujiply ' 
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Reciprocating PumiS Maintenance. The delivery per stroke should be at least 
90 percent of the columetric displacement of ihe.pump. (Area of plunger times length 
of stroke). When deUvery falls below 50 percent of the. voltumetric displacement, 
or if water supplied is below installation water requirements, remove pump from the 
well and examine valves and cup leathers. Note: Consult the manufacturer's 
instructions, for picking up foot- valve and additional maintenance procedures. 

ROTARY PUMPS. A rotary pump consists of a stationary casing containing one 
or more rotating elements. Figure 5 shows four of the many types of rotary pumps, all 
with the same general principal of operation. Rotary pumps are used in water works 
for priming larger pumps and for limited special applications. 
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Figure 5. Several Types pf Rotary Pumps 

Rotary Pump Maintenance; The pump should be disassembled and cleaned 
nS?£^^^^^^^ "^'f^ and outside. If the interior of the pump is s^jec??o rusting 
paint the interior surface with a suitable underwater paint, or other effective coS' 

^'i?Xf"?^'^^ J' 'If' '"^'^^"« "'^y^- C^^^J^ ^ clearances a^forS^ to^^ 
manufacturer's instructions; Check packing assembly and repack as neededL 

nn.ZT?^,r^^l^^^' A piston type pump has a piston which-/its tightly and 
S P^'*'^ * belt driven; singll orTuble 

acting. Pump troubles can generally be traced,to poor packing, foiled water c^ndera^ 
worn valves, or to faulty condition outside the pump^itselfrsl; f^e 6 '^^''^'"^ 
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CYLINDER 

Figure 6. Belt-Driven Self-Oili^ig Piston Pump, 
Single- Cylinder, Double- Acting Type 

Piston Type Pump Maintenance. Dismantle and thoroughly inspect the Dumo 
Remove and examine all valves,* valve seats, ajfid all valve springs. Remove all old 
packing Examine plunger or rod for scorinroi- grooving. Repack" and check align- 
ment. Clean:interior and exterior of pump. Raint interior iron with suitable under- 
water pamt or protective coating. (Areas not subject to close tolerances only). 

Turbine Pumps » 

\ ' • 

The turbine pump has a disk-shaped rotating Wpeller with many small radial 
vanes near the edge. The inside of the casing is>^hanneled around the impeller vanes 
providing water passage from suction port to discharge port see figure 7 ' 
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Figure 7. Impeller and Housing of Turbine Type Pump 
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Turbine pumps are used for high head, low capacity service. A common use is 
for booster pumps for solution feed chlorinators,^ , .^^ 

TURBINE WELL PUMPS. A turbine well pump is a small diameter, multistage 
centrifugal or mixed flow pump iuspendecf in the well. The well diameter limits - 
impeller diameter. As a result, this limits the head produced in a^ single stage; multi- 
ple stages are provided to create the head and capacity desired. Weight of rotating 
parts is usually carried by the thrust bearing in the pump head. Pump^ and intermedi- 
ate bearings may be either dil^qr water lubricated. From a sanita^y^wint of view, 
^er lubrication of pump bearings in any- well is preferable. Contaminated lubricating 
oil has been responsible for contaminating w^l water' (see figure B). 
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Figure 8. Water Lubricated Vertical. Turbine Pump 
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Turbine well pumps are used in deep wells of 4 inches and larger in diameter 
They may also be used as booster pumps. ■ 

Turbine Pump Maintenance. With pump' assembled, check clearance of imoeUer 
between liners and check movement of shaft endways. 

* 

NOTE: Mostpupnps of this type have an ^justment for centering the impeller.. 

' « clearance equally for both sides of the ^peller . If clearance is not 0. 010" - 
0.012 replace the impeller and liners. CoaTthe interior of the pump with a suitab«e 
imderwater paint or protective material. (Areas not subject to close tolerances only). 

Air Lift "pumps. 



Air4ift Is a method of raising water by compressed air. The principle of operation 
is shown in-figur'fe 9. If the U-tube is fiUed with water, the water stands at height H in 
both legs of the tube. When compressed air is introduced as shown in the figure a 
.mixture of ak and water is formed in one leg. The solid column of water W weighs 
more than the air-water column P, forcing it over the top of the U-tube. The pressure 
required for pumping depends entirely on submergence; the height to which water must 
be elevated has no effect. The starting pressure is always greater than the working 
pressure after the well pumping level Is reached. If drawdown is excessive, the hSh 
starting .pressure may require an auxiUary compressor connected in series with the 

compressor and receiver. The auxiUary compressor is operated only during 




Figure 9. Principle of Air Lift 



Air lift pumps are useful for groiips'of wells dUcharging to ground storage and 
served by a single ^:empressor installation. Lowe/ efficiency is offset by lack of " 
•maintenance jprdblems; 'especially in crooked weUs and those producing sand. They 
are particularly adapted for emergency deep well pumping, using a portable air com- 
pressor for power. Air lift pumps cannot be used for direct pumping to a distribution 
system or for horizontal^transmission of water. The added oxygen in air lifted suDolies 
tends, to make water more corrosive. - ^ . . 



Air Lift Pump Maintenance* Check for air contamination* Make sure that there 

a well. Examine the water sample from the ^ell for presence of oil which may come 
from compressed air* Examine compressor for oil pumping if oil a^ppears in the 
sample. 

Ejector Well Pumps 

An ejector well pump consists of a centrifugal type sinble impeller pump above 
ground and a stAionary ejector assembly in the well. The ejector assembly is made 
up of a nozzle within a tube which tapers down to a narrow throat opening at the top of 
the nozzle (see figure 10). 

Ejector well pumps are suitable for small wells within limited ranges of depth. 
Because there are no moving parts in the well, they can be installed away from or 
directly over a well. 



STORAGE TANK 



ELECTRIC MOTOR 

CENTRIFUGAL PUMP 
EDUCTION PIPE 




Figure 10, Ejector Pump InstaUed Away From Well 
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Ejector Pump Maintenance. When the ejector, foot valve, an^screen are removed 
from the well, examine all parts for corrosion. Check the size of the nozzle-and 
ejector throat. If there is evidence of wesur, consult the manufacturer's instructions^^ 
for proper diameters. Check the foot valve for leakage, and replace seat, replace valve 
or reseat if necessary. Renew sjtrainer if necessary. ^ 

GENERAL INSPECTION ITEMS FOR PUMPS 

Pumping equipment normally operates with little trouble if it is properly maintained 
in accordance with instructions. Pumps handling chemicals or abrasive solutions may 
require more frequent inspections and preventive maintenance operations than shown, 
and schedules should be modified on the basis of actual operating experience. 

Listed below are gener^il inspection items lor pump: 

1. Inspect driving equipment, electric motors, etcl 

2. Check operating conditions. To maintain a pump properly, operators must 
learn to recognize the normal sounds and operating conditions of a! properly 
running pump and to investigate any change in these sounds or operating ^ 
conditions. 

3. Check wearing or sealing rings. These rings seal discharge water from 
suction water in rotating pumps. Excessive leakage seriously affects pump 
efficiency, 

4. Check pump for cavitation. Cavitation generally results from improper pump 
design or improper use pf the^pump^^^^ilayitation-severely pits the impeller, ~" 

and-can-usually-be-^corrected by lowering the pump and reducing the suction . 

lift. . 

5. Test performance of pump. Determine the pump's efficiency, using accurate 
instruments and gauges. Data obtained from the tests helps In controlling opera- 
ting costs and locating defects in equipment or its use. Compare the pump 

test data with the manufacturer's specifications and investigate any wide 
differences. 

6. Check pump packing. J>umps with rotating or reciprocating shafts require 
periodic packing to prevent excessive leakage. The packing can be adjusted 
to reduce the leakage. 

* ^ "* — 

7. Lubricate bearings. Where oil lubricated, use the specified amount and type 
of lubricants. Where water lubricated, insure that the system is functioning 
correctly. 

8. Adjust impellers. Check impellers for maximum efficiency setting and adjust 
if necessary. ^ , 

9. ^ Check for oil leaks . Air lift pumps may contaminate the well with oil from 

the compressor. 

* 10. Protect all pumps and plumbing froto freezing. 
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y.- MAJOR^?ARTS-AND-COSH*^NTS OF A CENTRIFUGAL PUMP 

The major parts of a centrifugal pump are named in the fdUowihg paragraph. They 
may be, seen on the cytaway pump in the classroom, or in figure 1 in this stu^^ guide. 

— - 1. Pump body . . ' - 

2. ^Pump shaft 

3. Impeller 

4. Packing and lantern ring (if pump is equipped with one) 

5. Pai^klng gland 
6;~<Suction and discharge nozzle 

SUMMARY 

Many pumps are required in both water and sewage plant operation. These pumps 
are classifiedWcordJng to design and use. Since^pumps are subject to malfunction, 
tt Is necessar]^ to be familiar with the commonly encountered types of pumps and to be 
able to perform maintenance on them. *^ « 

QUESTIONS 

\ 

1. What are the five major types of pumps? 

2. What is the name of the rotor in a centrifugal pump? 
— How-maj^theldirection of rotation be determined on a centrifugal pump? 

4. What type of pijmp is most frequently used in a water works system? 

5. Explain the principle of operation of the air lift pump. 
6; Name the parts of an ejector well pump. 

7. What type of ober^ation is suitable for ejector well pumps? 

8. Where is the motor and the cylinder of a reciprocating well pump located? 

9. In which type ol well is a reciprocating well pump used? 
10. -Whai type of • puinp~i^ a rotary pump? 



11. What is the meajaing pf the word "cavitation"? 
REFERENCES 
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WATER WELL MAINTENANCE 

OBJECTIVE 

This study guide is to acquaint you with the construction features of 
water wells and the maintenance required to maintain the maximum pro- 
duction from the well. 

INTRODUCTION ^/^ 

^y large concentration of ttLops such as found on established bases 
must have an ample supply of water. Jn some cases one or mS-e water 
wells must be drUled to furnish water because lakes and rivers may liot 
be available as a water source. > 

c 

CiviUan contractors normally drill the wells; however, once the con- 
tractor completes the well, the militstt-y prsoMerRavirto~maintai^ 

especially in overseas areas . ' 

To familiarize you with water wells, we will cover the information 
under the following topics : 

• Methods of Drilling Wells 

• Construction Features of Wells 

• Well Maintenance 

• Capacity of Wells 

METHODS OF DRILLING WELLS 

In most areas of the world fresh water can be obtained by digging or 
drilling into the ground. ShaUow holes of only a few feet in depth wiU pro- 
duce water in some area s, while at other areas, perhaps not far away; 
it-i8=neces8arrt<rTlriirtlirougn several hundred feet of earth and rock to 
obtain a supply of water; For the purpose of this lesson, the deep source 
of supply will be our interest. Shallow dug wells will not normally be used 
for military water suppUes due to the difficulty in maintaining the 
structural and sanitary conditions of these wells. 
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Ground water may occur at places where it is least expected, such 
as deep under the Mojave Dersert, or very shallow under the Arabian 
Desert* Even more variable than the locations and depths at which water 
is found is its chemical, physical, and bacteriological characteristics. 
Even when these character istics are such to render the water unfit for 
drinking or other uses, they can almost always be altered sufficiently to 
serve the purpose. However, there is one important aspect of ground 
water that cannot be changed. That is, the quantity which occurs at a 
particular place. Almost all ground water used for water supplies has 
its origin in rain and snow. The amount of this precipitation that becomes 
ground water depends on several factors. A portion of this precipitation 
is taken up^by evs^ration or is taken in by plants and trees. Another 
portion flows away in the form of surface run off. The remainder con- 
tinues downward through'the soil until it strikes a layer of rock of rela- 
atively impervious material. It then begins to move in the downhill 
direction of the impervious layer, taking the path of least resistance. 
The layer of sand, soil, gravel or broken rock through which the water 
moves-is known as the aquifer , and the top level of the water in the aquifer 
is known as the water table. In order to reach this water table it is 
necessary to drill wells. 

Percussion Drills 

Holes or shafts sunk into the earth to obtain water are called wells. 
The kind of well and the method by which it is sunk depends on the type 
of ground and the depth of the aquifer. The earliest practical method of 
drilling wells was with a percussion drill. The process of drilling with ^ 
a percussion (sometimes called a cable tool) drill is accomplished by 
alternately lifting and dropping a heavy bit and drill stem. The impact 
of the bit breaks up the rock and loosens the material in the hole. The 
loosened material, known as drill cuttings, is removed from the hole by 
a bailer. The bailer consists of a large tube or bucket with a hinged 
door or flap on the bottom end. When dropped. into the hole the bailer 
fills with drill cuttings mixed with water and the flap or door prevents it 
from emptying until it is brought to the surface. 

During the process of drilling, water is added to the hole to aid the 
drilling proceiss . Also in almost all wells drilled by thds method, the 
well is cased from top to bottom at the time of drilling to prevent caving 
and as protection against contamination from surface water. This casing 
is nothing more than a large steel pipe that is forced into the hole. 
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Rotary DriUs 

n,.- 7^^ '^Jf ? fining method has almost completely reolaced th^ n«r 
cussion method of weU drilling due to its many St^a^es . ^ 

«ttache^^?hrJt"ur^^^^^^^^^ t^mle' "?^ "^i^ "^'^^ ^« 

^udtoto the por, spaces of the shaft aS<Ke1fen" "a^o^J S 

drill^g well^'S^S^th^^^ ^« "methods of 

^ofcelwe ?her Jfo^o T.^ ^^^^^^ "^^^ either domestic or 
ipH-in*; "f.!* ^'*®^f^ore» the other methods such as hand dieeinir 
jetting, or driven wells wiU not be discussed at this time ' 

CONSTRUCTION FEATURES OF WELLS 

'^^i'® ^"""^^^ °" relatively high ground so rain water will 
flow away from arid not toward the well. 

The.jv.eU. head-or-discharge wiU always be above ground level to 



-1. 

2. 
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3. There will be a sanitary seal between the top of the casing and the 
pump* 

4* Cesspools, privies, septic tanks and sewer lines will not be allowed 
within 100 feet of any well. 

5* Vent pipes will be extended at least 18 inches above the pump apron 
and end in an elbow pointing downward with a screen covering. 

6. AlLwells should be hpused over and locked. 

Straight Cased Wells I 

Straight' casing of wells are probably the most common type used. 
Straight casing consist of a large pipe or housing for the pump, that is 
installed at the time of drilling. This casing or pipe should extend from 
a minimum of 4 inches above the sturf ace into the last impervious layer 
of earth or rock overlying the aquifer, fix addition to the casing, there is 
also a well screen to be Installed upon completion of. installation of casing. 
This screen prevents large gravel and shale from entering the pump while 
in operation. The length of the screen is determined by the thickness of 
the water bearing sand formation.. Well screens must be resistant to the 
corrosive effects of the water; therefore, many di£[erent types of metal 
are used. The two most common metals used are brass or stainless 
steel. 

Gravel Packed Wells 

As a further aid in keeping out fine particles, gravel is frequently 
placed around the well screen. To place the gravel, it is necessary to- 
construct a hole of larger diameter and use a double casing down the 
aquifer. A space in the aquifer is th^n made to receive the gravel. (For 
a comparison of the differences in construction features see figure No. 1). 

„ _ Water froniJhe^aquifer-fiUs-the-spaces betweei^^^ which acts 

as a reservior . This increases the open face area of the aquifer, thus, 
reducing the velocity of the water entering the well. The slow moving 
water does not erode the open face area of the aquifer and does not Qarry 
as many fine particles in suspension. As a result, the screen and the 
aquifer around it are not clogged and the amoimt of water delivered by the 
well does- not decrease as much over a longer period of time. 
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A gravel packed well Is more expensive conatruct^hnf 
cases the cost Is ^re than ofl-set ^ tacr^edTodu^ionf 
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(1) , Figure 1 (2) 

Comp«lsOT^_et.w.een-(4)StraigK 

12; Underreamed Gravel - packed well 



WELL MAINTENANCE 



eouiDment wJJi^f ^fT ^^"'^ developed and permanent pumping 
equipment installed, it becomes an integral part of a planned and designed 



water system, whether it be municipal or military. The water, thus, 
produced can be well considered the lifeblood of the municipility or the 
military installation. 

Too often the wells and puinps are separated and located apart from 
the water plant proper; and consequently,, are not given the. care and 
attention usually bastowed on the water plants themselves. The operator 
or maintenance personnel of a |^ater supply system utilizing wells and 
pumps should fully acquaint themselves with the structural details of the 
well or Wells, casing sizes, types of screens, screen elevations, and 
other pertinent data, particularly a record of the pumping test prior to 
acceptance of the well as a permanent part of the water supply system. 

This record should include static water level, gallons per minute 
pumped, and pumping levels. A complete pump record indicating the 
type of pump installed, sizes and dimension of component parts, amount 
or length of pump column, air line lengths, and a performance curve of 
the fnunp bowl unit should be made available to the operator or mainte- 
nance personnel. This data csoi usually be obtained-from the contractor 
at the time the well is put into service. 

This data is very ^important. It provides a basis for comparison with 
daily pumping records. The importuice of these records can be realized 
by remembering that the only way you can see what is happening in the 
bottom of the well is by the comparison of these records or logs. A 
marked discrepancy between the original test data and the current pumping 
record would indicate that something is wrong. 

Usually, the first indication of well problems-appears as lowering 
of the water-table, -increased pumping levels, decrease in production, 
muddy, sandy or salty water or imiisual noise or vibration in the pumping 
equipment. 

These items can be quicldj^s^tjed when-carefuUy maiift records 
of the static level and drawdown is correlated with capacity or pumping 
rate. This helps to anticipate difficulties'in advance and provide data 
for proper maintenance measures. The following examples prove the 
value of properly maintained records: \ 

1. A. falling static level may indicate gradual lowering of the water 
table. \ 



An increased drawdown jnay show receding ground water level ' - 
interference of other wells, leaky casing or delivery pipes, digging, 
sc^ng or cbrroding of weU screens, or. gravel area becoming packed 
with sand or — 



2^^ 



silt. 



3. 



An increase^ drawdown when static level is unchanged is caused by 
increased resistance to water in flow and definitely Wcates screen 
dogging, sdallng, corroding; or^ sand and silt in gravel packed area 
around screen. " 

This indicates the importance of keeping accurate and proper records 
of performance j By being familiar with the possible causes of.problems. 
it is much easier to determine how to correct theml An example of this is 
cleaning a clogged well screen by backwashing. 

) 

Backwashing 

The surginjg effect, or reversal of flow required for back^vashing a 
well screen and adjacent stratum, may be obtained by three backwashing 
methods. 

One of these methods consists of alternately lifting water to the 
surface by pumping and letting the water run back into the well through 
the pump column pipe, To accomplish this effect, the pump is started- but 
as soon as water is lifted to the ground surface, the pump is shut off ' 
The water then falls back into the well through the_column pipe "^he 
pump is started and stopped as rapidly as the power unit and st'arting 
equipmrat wJiLper-mit. -The effect is to intermittently lower and raise 
^the water level in the well which produces the inflow and outflow resoec- 
tively through the screen openings. ' Z — 

This operation should be^ performed as a regular preventive measure 
to eliminate the^clogging of wells and well screens. Generally a well 
that has been surged or backwashed using this method on a regular 
schedule will not have clogging problems for many. years. 

Another method of backwashing is by pouring or running a large 
amoimt of water into the weU as rapidly as possible, thus, producing out- 
flow through the screen opening. Inflow is then produced by bailing 
water out as rapidly as possible. As can be seen, this is not a ve?y 
rapid means of surging as the time required for a complete cycle will be 
several minutes, plus the fact that the pump must be removed before 
this surging can be performed. 

91 , . . 



EMC 



9 



Of all the many methods" known and tried the method of using the 
pump for surging and backwashing has proven to be the niost efficient 
and economical, Eyen with a good program for surging, sometimes 
thisyLs not enough to keep the well screen from clogging. 

Cleaning Well Screens • 

Well failures aref often caused by a scaled up'^screen.* When screen 

cleaning is necessary, one of these foUwihg methods will be used. 

'* 

L INHIBITED MURIATIC ACID: Acid can be used to dissolve the crust 
formed on well screens. A contractor is called to do this job as 
special pumping equipment is required. After the screen is cleaned, 
the well must be pumped tb waste until all acid residue has vanished^. 

2. DRY ICE: Cleaning screens* by dry ice is simple and safe. It may 
or may not do a good job. To use this niethod, dry ice is broken 
into fragments and dopped into the well until several' potirids have 
been used. The top of the well is sealed and a grea| pressure will 
develop in the well. - This pressure will create surge*s which some- 
times is violent enough.to. clean the scale from a screen. 

3. SURGING AND BACKWASHING WITH EXTERNAL WiATER SOURCE: 
A well can be surged or backwashed without pulling \the piump out of 
the well and without expert help. If bypass pump cfaiimecjiions or 

w as hwater lines have not been* provided for this opl^ration, remove 
the flap in the check valve in the discharge line to obtain full head of 
water with tank pressure. Open pump discharge line valve and allow 
full head of water to rush down through the pump column and pump 
into the well. If the screen is badly clogged or the well is badly 
sanded or silted, the well will quickly fill and water will flow from 
vent holes in. the pump head. 

CAUTION : Before starting wash water, be sure pump and motoi 
turns freely; otherwise down rush of the water rotates the pump in 
the wrong direction and may unscrew the pump shafting. 

In most cases cleaning of wells and well screens by one of these 
methods will restore a well to the original production capacity or even 
in some cases even more^ 
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Disinfection of Wells 

been^lSj^te'^el?^^^^ — Have 

To mix the chlorine solution throuzhly with the well waf 

° f""*"* ^lesrsfce for the hose. Pump until a stoSi' 

I . w^U^X tluS^re^fottl;^^ '^^ 01 contamination 

t^^ln'Ui'f' Make sure the surface earth Is graded so 
iJL^ Sr^sge nows away from the weU and pump Ixise 
standing water should be allowed within 50 feet of the well. 



2. 



5. 



Check area and allow no Uvestock within 50 feet of-the well If 
necessary, fence the weU site. < me weii. 

IffnT^^ the concrete slab or apron around the weU is water-tieht"" 
and that no water can work under the apron and into the weU 

^IT^I wSer ttht"^ '"''^^ '° ^"'^ -al is - 

Cheek vent-screens to make s^ure they are not torn or cWed Th« 

It l^^^^i 'in'^^^^^ r ^r^^^"^ which°^"inTs doTLTs ' 

at least 12 inches above the top of the well casing and 18 inches above 
the pump yron or pump house floor. Be sure that w^ef SeS^^^^^ 
bearing lubrication and pump priming is from a safelpprovXoJrce. 
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6. Be sure that well heads, well casings, pumps, pumping machinery, 
exposed suction pipes or valve boxes connected with an exposed 
suction pipe are not located in any room or space lower than ground 
level. " 

7. The water sample tacg must be installed in the discharge line near the 
pump, facing downward. 

^ 8. Make sure water 'for 'cooling parts of engines, air compressors, 

pumps, or other equipment is not returned to any part 6f the water 
system. . ^ " 

^ 9. Make sure there are not any cesspools, privies, sepitic tanks, or 
sewer lines located less than iOO feet of a well. 

Protection from Freezing^ • 

All wells must be protected from freezing in cold or arctic climate— 
Methods used to prevent fr^eezing of wells or pumping equipment will 
vary, depending on the severness of the climate. i 

One method of preventing freezing is to have continuous operation. 
It is a known fact that moving water will not freeze as readily as still* 
ivater. 

When it is not possible to have continuous operation, it is better to 
- drain all pumps and pipes. Tliis is a time consuming operation,^md 
unless the equipment is going to be out of operation for sever id days^ it 
isn't the most practical, but may be the only way possible to prevent 
- -Jreezing. , , , . - , 

For ali sound' operation and protection the most practical method is 
to construct heatejd.w-ell houses, These should be large enough to cover 
the pump head and motoir- jhTsome cases may be large enough to 
include discharge piping and other, equipment. In some artic climates it 
is necessary to have heated pipe lines from the well into the storage area. 
* This is usually accomplished by means of heated tunnels from one building 
to the other . , 

^ ' CAPACITY OF WELLS 

y The edacity of a well depends on the relationship between static 
^ water level, active static water Tevelj and pumping level. See figure 2. 

• - ' ' ■ \ ' 
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WATER LEVEL RELATIONSfflPS 

# » 

Water levels and drawdown measurements are necessary for an 
accurate determination of the cs^acity of a well and for operation within 
safe limits. For a better understanding of static level, pumping, and other 
associated terms see the definitions listed beloW: 

1. Static Water Level - The level of . ground water in a well before 
pumping. 

2. Pumping Level - The elevation at which water stands in a well when 
• the. well is being pumped at a given rate. 

3. Drawdown - The difference between static level and pumpingj level. 

4. Maximum Yield - This is the maximum number of gallons pir minute 
that caii be pumped from the well over a six-hour period during 
which the pumping rate is maintained so the pumping leve^ remains 
stationary, but any increase in pumping rate would cause the well 

to run dry. ' - / 



5. 



6. 



is eJiy 



Desired Tield - This is the rate at which the well is ejtpected to. 
produce. - / 

Safe Yield - This Is the rate of pumping that produced a drawdown of 
50 percent of the drawdown obtained when the well was built and 
pumped at maximum yield. Operating a well within its safe yield 
will prolong its productive life. y 
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.7. Specific Cs^acity - this is the number of gallons per minute pump^ 
, per fodt of drawdown. The specific capacity is not the same for each 
foot of drawdown, but is approximately so when the drawdown is not 
t(i6%eat, . Knowing the^ sp;?cific cap,acity of a well enables the opera- 
to to estimate the drawdowns that will be produced at different pomp 
settings." • ' \ ' 

Comparison of these measurements over a period of time reveals 
changes in well characteristics and indicates when maintenance is 
necessary. • 

Since the water level falls. gradually when pumping is begun, the 
pumping level is normally determined after an hour of continuous opera- 
tion. Since wells are normally operated interinittently, measWe draw- 
down whenever pbssible, for the static level to which the well returns 
after full recovery. Determine the normal recovery time and make 
periodic checks for any change in recovery. Such changes may indicate 
serious trouble. 



When water is pumped from a well, a depression is produced in the 
water table (see figure 3). This depression is called the "Zone of 



WELL A 



WELL B 



WELL C 
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NORMAL WATER TABLE 

WATER TABLE 
DURING PUMPING 
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Figure 3. Zone of influence of well pumping on water table. 
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influence*' of the well. Zones of iitfluence of wells close together may 
overlap so that, if the wells are pumped simultaneously, they will com- 
pete with each other for the water (see figure 3). As a result each well 
produces less water than if it were operating by itself. Thus, when 'a 
water supply is taken from a group of wells, the wells being pumped at 
any one time should be far enough apart so that the zones of influence do 
not ovierlap. 



Meastire Water Levels and Drawdown 

To check the water level, lower a 1/4-inch pipe (telltale) of taiown 
length into the well to a depth known to be below the drawdown level. 
Connect the surface end of the line to a bicycle pump and connect a 
pressure gauge into the line so the air pressure in the line can be read. 
Make all joints airtight. With the well pump shut down, apply air pres^sure 
through the bicycle pump until the gauge needle no longer registers any 
increase in pressure. The reading of the gauge then shows the amount of 
pressure that was necessary to force the standing water out of the tell- 
tale. This is directly proportional to the height of water standing in the 
well above the bottom of the telltale. Multiply the pressure in p.s. i. by 
2.31 to determine the height in feet. To determine the distance below 
the air guage at which the water stands in the weU, subtract the calcu- 
lated height of water above the bottom of the telltale from the known 
length of the telltale below the well top. This is the static level. 



Start the well pump and observe the air gauge until the reading no 
longer changes, pumping in additional air to make up for any leakage. 
Convert this pressure reading to feet] It is the height at which water 
stands in the well above the bottom of the^telltale during pumping. \. 
Deduct this from the length of the air pipe below the well top to get the^, 
pumping level. The difference between the static level and the pumping 
level is the drawdown.(see figure 4). 
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Assutae length of (L) of airline ^ell- 
tale) is 150 feet. Assume that the 
pressure gauge reading (Pj) before 
starting the pump is 25 p. s. i. Then 
the pressure converted to feet (A) i 
is 25 X 2. 31 = 57. 7 feet. The static 
water level (B) = L - A = 150 - 57. 7 
92:3 feet. Assume that the gauge 
reading (P2) during pumping is 18 
p. S . i. Converted to feet (C) tl^ is 
18 X 2. 3 1 = 41. 6 feet. Then the 
pumping level (D) = L - C = 150 - 
41. 6 » 108. 4 feet. 

The drawdown is determined by any 
of the following methods: 

1. D - B = 108. 4 - 92'. 3 = 16. 1 feet' 

2. A- C= 57.7 - 41.6= 16.1 feet 

3. Pi- P2= 25 - 18= 7p.s.i.; 
7x2.31= 16.1 feet 

Record water level 'and. draw- 
down correlated with capacity or 
pumping rate on AF Form 996, 
1354, and 1461. This helps to 
anticipate difficulties in advance 
and provides data for proper mainte- 
nance measures, as well as making 
a permanent record for future 
reference. 
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SUMMARY 




Figure 4. Using air line to find 
depth of water level. 



Wells are relatively simple 
structures. Proper maintenance 
is necessary to insure a continuous 

and adequate supply of safe water. The failure or contamination of a 
water supply can have serious consequence for a base mission. Failure 

'98 



2 3 (j 



oC wells may require water rationing or may resuU in temporary lack of 
witer for even such necessities as drinking and cooking. Should a fire 
occur during a period when water is unsYailable, the results could be 
disasterous. CoiQtamination of a well can result in the rapid transmission 
of water borne diseases to a large number of people. To prevent any of 
these incidents, wells must be maintained in a satisfactory structural, 
mechanical, and sanitary condition at all times. 

QUESTIONS 

1. What is the purpose of the well casing? 

23^^hat is the minimum distance for cesspools, privies, etc. , around 
a well? 



3. What is the purpose of the telltale when computing the water level of 
a well? 

4. The casing should be how deep in a well? 

5. Define static water level.' 

6. When the-f actors are equal, such as amount, accessibility, betwe-^ 
ground water and surface water, which would usually be selected for 
use of a military water supply? 

7. Define pumping level of a well. 

8. When you know the static and pumping levels of a well, how can you 
determine the drawdown? 

9. What is the indication of an increased drawdown when the static 
level is unchanged? 

10. What method should never be used for cleaning well screens? 

11. How much chlorine should be used for super chlorination of newly 
drilled water well? 

12. What is the best method of preventing wells from freezing in extreme 
cold weather? 
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13. Define safe yield of a well. 

14. Name three different types of drilled wells. ' 

15. What cljemical is used for cleaning stainless steel well screens. 
REFERENCES 

1. AFM 85-13, Maintenance and Operation of Water Plants and Systems 

2. - AFM 85-23, Well Drilling Operations 
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MODIFICATIONS 

^^/^ m ^of this publication" has (have) been deleted in 



adapting this material for. inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials, for Use in Vocational 
and Technical Education." Deleted material involves .extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 
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INTRODUCTION TO EXTERNAL CORROSION CONTROL 



!• Define the corrosion 'of metal. 



2. Name the three types of corrosion that 



appear on iron. 



a, 
b. 
c« 



3. What are the four requirements needed for galvanic 
a. 



corrosion to occur? 



b. 
c. 
d. 



4. The instructor wiU show you several samples of corrosion. In the spaces below 
you are to list the types of corrosion found on the samples. ^ 



a« 

b. 
c« 

.d. 



HsTed above r ""^'^ the corrosion from occurring on the metal you 



a. 
b. 
c. 
d. 
e. 
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CATHODIC PROTECTION 



The purposes of this exercise is to aid you in understanding techniques used in 
cadiodically protected systems, 

1. What are the two. systems used in cathodic protection? 

a. 

b. ■ 



2« Why will the large buried anode corrode instead of the protected structure? 



3\ Identify three items that can be protected by cathodic protection. 




. Using a inultimeter, measure the voltage of a flashlight battery and record it. 



CAUTION: Do not attempt to measure the AC. voltage of a wall plug or lab table 
outlek^ 

Using the mUltimete^ measure the voltage on a cathodically protected pipeline. 
Voltage read l\ volts. 
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DRIVE EQUIPMENT AND ACCESSORIES 



OBJECTIVE 



The purpote of. this exerci.e is to aid you in the inspection and maintenance oi 
equipment common to water and waste instollations. 

1/ Name four conditioni that you wpuld observe during a daily inspection of a chain 
driven piece of equipment. / . 



a. 
d. 



2. What is the reason for performing daily inspections ? 



Electric Motors 

3. Inspect an operating electric motor. 

a. Is there any unusual noise in the motor? Yes - No 

b. Does 'the shaft wobble or shake? Yes^ r No 

c. Is '^e motor securely mounted? Yes - No 

d. Is the motor housing overheated? /Yes - No " 

,e. Are there any sparks coming out of the motor? Yes - No 
4. Inspect after operation. 



a. Is the motor dir^tyjwith niud. grease, rag lint, or leaves and grass ? Yes ^ No 

b. Does the motor have an oiling hole or grease zert? Yes - No 

c. Are the electrical wires^ in good condition? Yes - No ' 

d. Is there any exposed naked wire ?' Yes - No 
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Drive Equipment and Acceisoriei 
5*. Inspect a belt-driven piece 

a. Is the belt a flat belt or V-type ? 



" J 

of equipment/ 

... .T 

belt a flat ^ "^ ^' ' ^ 

is uned 1^6 



b* What is uned {(b obtain the proper tension on the belt? 
c. What would happen if 'this belt were to loosen? 



d. What does a belt look like when it is worn out? ^ 



6* Inspect a chain-driven piece of equipment, 

a. What method is used to tighten this chain? 



b* ' Is each link free to swivel or is it stiff due to corrosion? 



c« Is this chain a loW| medium, or high speed chain? 
d. Are there any ineans for lubricating this chain? 



7. Remove the belt drive safety cover on the hypochlorinator, 
a« How- can the speed of this equipment be varied? 



b. Should there be three belts or only one? 



c. What provision is made to keep the belt at the proper tension? 



8. Inspect the^ coupling between the motor and the Peerless Fluidyne pump, 
a. What absorbs the shock of starting and pumping variations ? 



b. What wrench is needed to loosen this coupling from the shaft? 



9. Inspect the speed reducing gear on the L head 90° chemical feeder* 
a. What is the ratio of the reduction gear ? 1 to 



b. What tool is needed to looaen the coupling on the motor shaft? 



i\c 



c. What type of wrench is needed to loosen the coupling between the reducing 
gear and pump ? \ o 

d. What absorbs operating shocks in these two couplings? 



• \ 
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QPERAThNG A GASOLINE ENGIINfE 

OBJECTIVE 

The purpose of this exercise is to aid you in learning tlie correct procedures for 
inspecting. and operating small gasoline engines, 

Preoperation Procedures 

-1/ FiU fuel tank. WARNING! Do not attempt to refill the f Lei tank while engine is 
operating. 1 

r \ 

2. Remove fuel tank filler cap and check cap vents to make sure they are not clogged. 
This may be done by blowing through the vents. j X 

3. If the engine is used with a generator to produce power, make surAthe frame i^ 
grounded. ', ' 

I \ 

4. Always use funnel to fill fuel tank. If any fuel is spilled, ^ipe clean and aUow 
time for the fumes to evaporate before starting engine. Check complete fuel 
system for leaks. ' \ 

5. Check oil. Oil should be seen in the oil filler pipe. (If low. add 20 wt oil as 
required. ) \ 

6. Make sure that the water pump inlet and outlet are properly connected to water 
supply and reservoir. 

7. Prime the water pump by removing the square plug in top of pump housing and 
fill with water. , 

8. • Visually check overall condition: fuel or oil leaks, loose nuts or fittirfgs. 
Starting Procedure 

1. Check cto make sure fuel shutoff valve is open. ' Valve is located under fuel tank. 

2. Pull carburetor choke valve all the way out. 

3. Position grounding switch in run position. (Move it away fi'om spark plug. ) 

\ 

4. The engineWou wiU operate here in school has an automatic ^governor so no 
throttle control is necessary* 

3. Take hold of the recoil starter rope and use a oiiick steady pull to spin and start 
engine. ^ * . ! 

. I 

, ■ ■ 1 • 

6. After engine starts, allow engine to warm up, then push choice in. 

6 ! 

i 
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Operating Procedure 

The automatic i5o.«rnor will take over control oi * - r.aine' speed and adjust engine 
speed to pumping concicions* 

Stopping Procedures 

1. Move spark plug grounding switch against th** I^iug. 

2. When engine will not be restarted for a Icnc: period time, the carburetor should 
be drained. This may be done with drair - in carburetor. 
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iVLAINTENANCT. OF PIPELINES, VALVES, METERS AND RECORDERS 
OBJECTIVE 

The purpose of these exercises is to aid you in the maintenance of water and waste 
components. 



Pipelines 



1, Identify three t^ethods used in locating a buried pipeline. 
• a. , I 



b. 



c. 



2. Explain the principle used by the lectric meter in locating water leaks. 



Cb:ain a saddle clamp and place it on the trainer pipeline. Xover a hole and secure 
it 30 that there is no leakage when tested by waterline pressure. 
NOTE: D-y not use a pipe wrench during this project. 

Name twc other field methods used to repair a water leak. 



) 



- / 



b. 



% ciives 



Disasserrble and reassemble a valve , 

a. Place a 1 1/4-inch gate valve, stem up, in a vise,^ and tighten the vise just 
enouph to hold the valve securely. Too much presSuire will warp the valve 
or crack it. \ 

b. Remove the round handle, and place the nut and Jiandle\)n the workbench. 

c. Loosen and remove the top packing nut. The packing Compression ring can 
now be seen. 



a. 



Carefully raise the brass compression ring with a rag in the jawkv^of pliers. 

8 
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\ ' .... , . 

^ * 

e« The lead ring packing can now be seen. If the top packing nut you removed was 
. sqrewed down all the way» then additional lead washers can be placed in posi* 
' ^ tion« If no washers are needed, gently tap the compression ring down until 
it seats, using a plastic mallet or a piece of wood« \ 

Place the packing nut on the stem and tighten it snugly. Too much force will 
only cause the valve stem to. bind and make it hard to turn. 

g. Put handle on stem and snug the nut gently. 

2« Place the valve back in the bin. 

Meters 

1. Disassemble and reassemble a watermeter. 
a. Set the Hersey meter on the workbench. 

\ 

b« Remove the large flange bolts. 

c» Lift the top body off and lay it on its side. 

d. You can now see the wobble plate arid the small drive pin in the center of the 
plate in the bottom section of the meter* 

e« Notice the filter screen at the inlet port. 

f« Now look at the bottoxh of the top section. Notice the spinner. With your 
finger turn the spinner and watch the dial of the meter. What happens? 

g. Can you now determine how the meter registers the amount of water flowing 
through the meter? If' not, ask your instructor to explain it. 

h« Carefully replace the top section on the bottom section, and inst all the f lange 
nuts and bolts. Tighten the nuts only linger tight as the meter will be taken 
apart again very shortly. 

2* Read and record the water used as shown on t^he dial. 

a. The round dial will record 10 gallons after one complete revolution. 

b. When 10 gallons have been used, the first movable number to the right above 
Will increase by one. Example: 4 will turn to 5. 

I 

c. How many gallons is this meter capable of mjeasuring? 

d. Record the reading on the meter and have your instructor check your reading 



2: 



Recorders 

!• Change the chart on a recorder 

a. Open the door and observe the components that hold the chart in place. 

Se^chaT" ^^""^^^ ""^ the inking pin from 

^ c. Pull out gently on the knob located in the center of the chart. 

d. Now carefully remove the chart. ^ ^ 

e. Replace the chart in reversed procedure.,^ 

f . Turn the chart paper so as, the inking pin will start its travel on the day and 
hour that you perform this project./ 

2. Apply ink to the pen. 

3. Do not attempt any type of repair on a recorder as this is done by the precision 
measurement equipment laboratory on each base. 



10 
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CHEMICAL r EEDER MAINTENANCE 

OBJECTIVE 

The purpose of this exercise is to aid you in the maintenance procedures of 
caemicai feeders. 

Chenr»ical Feeders 

*• How may Leaks be detected in chlorine lines? 

What procedure can be used to prevent chlorine valves from sticking or becoming 

set? 

'Vhac material is the gasket made of that is used in connecting chlorine cylinders? 



Why should a bras«^ vaive not be used in ammonia systems? 



When using a pump type solution feeder,' how can you determine if solution is 
being fed? . * 

ROCEDURE ^ 

disassembly and Reassembly of a Hypochlorinator 

Using a small b-crewdriver or sharp edge tool, remove the round inspection plate 
on top of the unit . 

tnspect the worm gear lor loose play by wiggling the shaft pulley, ' 
Check the top screw with a screwdriver for tightness. 
Chcr'< oil level, it should be above the bearing. 
Ins'ju'ct camshaft sori.:<^ lor breakage^ 
Replace ins^'^ection piate. 

11 
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7. Remove the eight screws holding the plastic Iiead over the diaphragm and lift off 
the head. 

Turn counterclockwise to unscrew the diaphragm. Inspect the diaphragm for 
holes or tears. 

*9, Check the swedges for ease of movement by turning the stroke control knob. 

lO; Replace the diaphragm and turn until it seats then back up until the first diaphragm 
notch lines up with the screw holes. 

I 

11. Replace the plastic head and very gently snug the screws as overtightening can 
break the plastic. 

12. Now unscrew the top and bottom poppet valve cover.s and check the condition of the 
poppet valves. TKey should not be nicked, torn or cut. They should seat easily 
and be easily removable. 

13. Replace the poppets and poppet covers. 

14'. Check the motor for security of mounting^and the belts for proper tension. 



12 
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, IDENTIFICATION OF PUMPS AND PARTS 

\ 

OBJECTIVE 



The purpose of this exercise is to aid you in the identification of various 
types of pumps and pump parts. These different types of piimps and equip- 
ment are used for many different purposes in water and waste treatment 
plants. 

IDENTIFYING A CENTRIFUGAL PUMP 

\ 

1. What type of pump is most commonly used to pump water and sewage 
in a sewage plant and has a rotating impeller enclosed in a spiral 
volute, or casing? \ 

\ 



2. List principles of operation for reciprocating sludge pumps. 



3. List the different types of reciprocating pumps. 



4. Explain the principle of operation for a turbine well pump. 



5. List the equipment necessary and the normal uses of a sewage ejecjtor. 
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What type of packing seal, is used on water ind waste type 
pumps ? 



How can the pumping capacity of a reciprocating pump be regulated? 



What is the purpose of ball check valves in reciprocating pumps? 



What othtr name is used for axial flow pump? 



For completion of the following exercise match the Figure number 
from the following pages to the description of various pumps listed 
below and state the type of pump^ 



a. Moves sewage from a lower level .to a higher level by means of 
compressed air. Complete unit includes air compressor and 
controls in one sealed unit. 



b. Two stage,, with bottom suction, horizontally split case, oil or 
grease lubricated bearings, renewable type packing. 

» 
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Fully enclosed impellers, shaft couplings, alijjning spiders, 
suction nozzle, and diffuser vanes. 



Bottom suction, d'lal volute, arranged for synchronous, motor 
drive on one end and standby engine operation on other end. 



Multiply stage, high^ capacity, high head, usually used for 
transfer pumps. 



Mechanically operated ball check principle, reciprocating action. 

May be hand operated. Requires ho surge chambers. Usually 
used for pumping sludge or heavy liquids. 



Has one moving part installed ia a spiral casing. Low head, high 
capacity, used for extremely large quantities of liquid. 



Reciprocating, single plunger, ball check principle. Requires 
surge chambers, commonly used in sewage plants for sludge 
transfer. 



15 
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Has.cutti]Sg mechanism and conveyor type in^eller and is used 
"fbr pumping bulky type substances. 



Incomplete system, consisting of dual chambers dischax^ging into 
the same line. Low capacity ideally tested for basemencs. 
These uni^s prevent odors and flooding. \ 



\_ 

Double suction^ mechanical seal^ side suction and discharge. 
High capacity and low head. Designed for transfer service. \ 

\ 

\ 



Triple action, requiring surge chamber and gear drive. 
Commonly used for sludge or heavy liquids. 
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IDENTIFICATION OF CENTRIFUGAL P.UMP PARTS 

j 

The parts of the centrifugal pump in figure |l3 below are numbered. 
Write the name of each part on the blank line next to the corresponding 
number of the part in the figure. \^ 



^^1 




CGJ^16 



1. 
2. 
3. 

4. 

5. 
6. 



7. 

8. 

9. 
10. 
11. 
12. 
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TEARDOWN, REASSEMBLY AND OPERATION OF 
A CENTRIFUGAL PUMP / 



1 

\ 



ock-nut and washi 
knd key. 



! PUMP DISASSEMBLY 

1. The instructor will assign you a centrifugal pump. 

2. Place the pump-on-thes work bench. i 
N9TE: Do not use hammL or improper wreiches on this pump. ; 

' Removing the Impeller / 

movJ^hTc'iSg.""" ^^''•"f ''' P-«nP frame an/re- 

2. Remove the impeller 

3. SUde off the impeller 

NOTE : ' If it is necessary jtp pry off the imJellerrbe careful to m 
evenly on opposit^ sides where-den^ng or tendU,l nf fhf 
. impeller shroud .Jill not.occur. tSiv stuck^^ 
. Will require the u^^ of a wheel orX puUer ' ' 

Shaft and Bearing Disassembly 1 

easier with a snap^^n^SS^^.P"^'' Y """'^ p *ne 

J "plJmp^*;^'' ^* p '"^^'^^ ^ couUg end 

21 
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stuffing Box Disassembly 

1. Loosen the hex nuts. 

2. Remove theig^and bolts and gland, i 

3. Pull out the pac^g rings and seal cage using a packing tool or a rod 
with a hook on one end^ 

PUMP REASSEMBLY 

Make sure all parts are thoroughly clean before reassembling. Take 
care to keep the ball bearings absolutely clean. Do not over torque nuts 
and bolts as you may damage the equipment or strip the bolt threads. 

Shaft and Bearings Reassembly 

1. Replace the inboard bearing cover on the impeller end of the shaft and 
bring into place against the inboard bearing. 

2. sup the deflector on the shaft next to the bearing cover, then place the 
seal cage against the deflector. 

3. Push the shaft assembly through the pump frame and slip on the in- 
board retaining ring before the shaft enters the stuffing box. 

4. Set the inboard retaining ring into position. 

5. Replace the outboard bearing cover and set the outboard ring into 
position. 

Stuffing Bjox Reassembly 

1. Cut two rings of packing (or whatever number is necessary to fill the 
space below the tapped hole in the {stuffing box) so that the packing has a 
small amount of clearance when it is wrapped around the shaft. 

2. Use the gland to push the packing into the iStuffing box, staggering the 
breaks in adjacent packing rings 90 to 180 degrees apart. 

3 . SUde the seal cage into the stuffing box where it will locate in a position 
.(Opposite the tapped hole. 
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4. Continue to fill the stuffing box with packing rings, having the breaks 
staggered 90 to 180 dejgrees apart, until there is only enough space for the 
gland to be started in the bore of the stuffing box. 

5. Put the gland, gland clamps, and gland bolts in place and tighten the 
hex nuts enough to compress the packing slightly then loosen the hex nuts 
until the gland clears the top packing ring by one-eighth inch. \ 

6. Further adjustment will be made after the pump has been started, x 

1 ■ ' • 

Impeller and Volute Casing Reassembly 

1. Slip the impeller and key onto the shaft. 

NOTE : If a shaft sleeve is used, the key must enter into the slot in the 
end of the shaft sleeve. 

2. Replace the washer and lock-nut. 

3. Replace the gasket using a nonhardening sealing compound such as 
grease or graphite. ' 



4. Put the casing in place and fasten securely with cap screws. 

• 

NOTE: The pump should be thoroughly flushed t». ;emove any foreign 
material which may have accumulated during the repair and 
inspection. 

PUMP INSTALLATION 

1. Reinstall the pump on the base plate. 

2. Align the pump shaft with the motor shaft. 

3 . Manipulate the pump on the base plate until a check indicates that the 
distance between the faces of coupling is exactly the same at any point and 
a straight edge will be exactly level at all points. 

4. Connect the suction pipe to the pump. 

NOTE: When the pump is located above the Uquid level, a foot valve 
on the end of the. suction pipe will retain enough water in the 
impeller when the pump is shut down to prime it when start- 
ing. A gate valve should be installed in the suction line when 
the liquid is located above the pump. 

23 



5. Connect the discharge pipe. 

NOTE: A check valve and gate valve should be installed in the 
discharge line. 

6. Prime the pump, if the liquid level.is lower than the pump, by removing 
the priming plug and fill the suction line and pump. 

7*. Replace the priming plug prior to starting the pump. 

PUMP OPERATION 

1. Turn the pump over by hand to make sure that it is free and not binding. 

2. Check the rotation ^oUtion shown by the arrow cast on the casing) with 
a quick start and stop of the pump. 

3. Prime the pump if it has not already been done. 

4. Make certain that the gate valve in the suction line is fully open and 
. that the gate valve in the discharge line is fully closed. 

5. Start the motor and when it is up to full speed, slowly open the discharge 
gate valve. 

Packing Gland Adjustment 

1 Proceed slowly when tightening the, packing gland. Never tighten the 
gland more than necessary. "Never force the packing into a leak proof posi- 
tion. 

2. Tighten the bolts evenly about one-sixth turn at a time, allowing an 
interval for the packing to creep into a better sealing position. 

3. After you have adjusted the packing gland, the instructor will inspect 
your work. 



\ 
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TROUBLE SHOOTING GUIDE 



PROBABLS GAUSS 



K E M S D r 



FAlIiJRE TO DEUmVATER^ OR Smiomct WATER AND SUKFICiaiT PRESSURE 



Pump not prjji«d« 


XepriJM. 


Punp not \3ip to fp^td* 


Check for incoireet Motor voliiA»« ^nH mt\¥j\v» ftvmvAnmA 


Plscharge hMd btyond puap shut->orr« 


Alter installation or provide pump suitable for 
hifher prvMure. 


" ^ ExcMsiv* suction lift. 


AWMcv xuwi uae xarger sucvxon pipe. 


Incorrect direction of rotation. 


Reverse rotation. 


Insufficitnt positiY* htad on suction 
for hot liquids. 


Give punp nore subnersence, simplify and increase 
six* of suction piping. 


Footvalvt too swlLI. 


Replace with adequate siae footvalve. 


Strminer clogged. 


Clean out. 


Vom vearinc d«Mgad i»p«ll4r 


Recondition or replace worn parts. 


Hi^ spot or air pocket in suction line. 


lUpipe to punp suction to eliminate loose and high 
spota. 


PUMP LOSES PRIME AFTER STARTING 


HxcessiTe suction lift. 


Reduce lifts use laxiger. suction pipe. 


Air leaks in suction line. 


Check joints, make up tight with pipe joint compound. 


MOTOR OVER 1{ EATS 


Total head is higher than ratedi 


larger motor is required. Check with dealer to see 
iX head is in the operating range of the punp. 


liquid handled is of higher viscosity 
or specific gravity thin that for w!iich 
the pump was designed. 


Check with dealer; a larger motor is required. 


Mechanical trouble in puj«p or iwtor. 


Check impeUer fit, shaft straightness and baU 
bearings. See if motor turns freely. 


low voltage or incorrect voltage. 


See that power supply is as required, check electrical 
connections to motor, check. to see that wiring to 
motor is large enough* 


PUMP VIBRATES Or'is NO, I SI 


liopeller partially clogged. 


Disassenble pump and clean out impeller. 


Insecure foundation. 


Rebuild to give rigidity to pump and, i«otor. 


Bent shaft, impeller, or worn ball 
bearings. 


Dismantle and replace worn parts. 


Misalignment between motor and 'pump 


Check alignment 
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WATER WELL MAINTENANCE 

OBJECTIVE 

This exercise is designed to aid you in understanding the importance 
of well maintenance requirements, 

PROCEDURE 

Enter the correct. answer for the following questions in the space 
provided. 

1, Why is proper maintenance of wells important from the con- 
sumer's standpoint? 



2* What is a well? 



3. What 3 things should be taken into consideration when determine 
.ing the type of well to be used? 



4. Why should wells be located oh relatively high ground? 
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5, Why is a well that is dug usually of large diameter? 



6. What type of well excavation is made with a pointed screen? 



?• . What is a free-jSLowing well called? 



8, What is meant by the term "Desired Yield?" 



9. What is meant by the term " Safe Yield ?" 



10, How many pounds of pressure are needed to displace one (I) 
foot of v/ater in a 1/4" pipe? 



11. What is used to clean brass or bronze well screens? 



12, How is surging a well accomplished? 



2es 



, 13. What if meant by the term " Well Apron ?" 



14. What is the minimxim disteuace livestock must be kept from a well? 



Find the static level, drawdown and piimping level of a well when 
given the following data: 

Length of telltale PSI before pimiping PSI after 



15. 


400 


/ 


19 


/ 


IT 


16^ 


500 


/ 


22 


/ 


20 


17. 


650 


/ 


28 


/ 


21 


18. 


970 


/ 


47 


/ 


43 


19. 


1115 


/ 


63 


/ 
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2 Hrs 




POI REFERENCE 
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OATK 
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FRECLASS PREPARATION 



eOUtPMENT LOCATED 
IN LAEORATORY 



None 



EQUIPMENT 
PROM SUPPLY 



None 



CLAUiriED MATERIAL 



None 



GRAPHIC AIDS AND 
UNCLASSIPIED MATERIAL 



SG vn-1 - 
WB vn-i-pi 

AFM 91-11 



CRITERION OiJECTIVES AMD TEACMINC STEPS 



la. Given a list of various types of solid waste and three waste classifications 
(garbage, debris, and rubbish), list each soUd waste type under its correct 
classification. , ' 

• (1-) Purpose of solid waste processing 

(2) Personnel responsible for solid waste processing 

(3) Classes of solid waste - 

(4) Edible and nonedible garbage 

(5) Ihclnerable and nonlnclnerable debris and rubbish 

(6) Personnel safety In a(Md waste processing 



ATC 'O"** 



770 
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Boanr (los Min) . 

PRESENOATICK: 

la. Given a liat of wiaua 

typea of aolid Muite and three 
waate daaaif icationa 
(garbage, dabria, and i 

nbbiah), list each j 
solid waste type uiider| 
its correct classification. 



(l) Purpose of solid wfcste 
processing 



(a) Prevent breeding 
of pests 



(b) Prevent creation -of 
fire hasards 



•1. 



(c) Prercnt imsi^tly 
appearances 



(d) Prevent odcr 
nuisances 



(2) Personnel reaponaible for 
solid waste processing 



(a) Xnstallatioa conumder 



(b) XttstallatLon engineer 



(c) Sanitation superintendent 



(d) Solid wiste personnel 



(3) Classes of solid wste 



(ai 



Garbage 



(b) htbris 



(c) Rubbish 



272 



(4) Edible and nonedible 



(a) Edible garbage 



X Vegetable 



j^Heat trinninga 



^ Spoiled foods 



± Kitchen lef toters 



/ 
/ 

1/ 



ih) Nonedible garbage. 



2t Coffee grounds 



^ Tea leaves 



z 



2 -7 



2 Fish heads and fins 



(5) Inclnex»ble and noninc^rable 
debris and ruNjiah 



/ 

' (a) lucinerabXe debris 

1 Constructioii wastes 
^Manure 

2 Tree triaaiiiifs 
^ Hay and straw 
^ Grass cuttings 



(b) NoniJiclnerable debris 



2^ Ashes 



2 Street sNeepiogs 



XCmcrete 



± Glass 



(c) Iiiciziez«ble rubbish 



1 Piper 



Boxes 



2 Scrap rubber 



I 
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(d) No^dficioaraUe nibbiA 



1 Bottles 



i Scrap Mtftl 



2 Greue 



± TSar prbducts 



(6) Perscon«l mtety in s<;iid i«.f 
I processiiig 



(«) CoUectim of heavy- refiiae 
oust be accM^lialied bjr 
at Xeut two 
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(b) AH, peraoimel must be 
able to perf om strcnuoua 
duties 

(c) Protective clo thi ng and 
equipoent 

i Lealiier protectire gloTes 

^ Safety toe shoes 

^ Goggles vfaere necessary 

APPUCATION: 

1, Have students to acconplish 
WB 3ABR56330-VII-1-P1 

2, Check students perfonwice 
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EVAIUATICJNt 



Evaluate fay oral or written questions, 
and/or observatioa of student's 
pez^omance during lesaon* This 
may be acccopliahed at any tine during 
lesson for increaaed effectiyeness. 



CCNCUJSION (5 Hin) 

SUMMABY: 



R£MOTIVATICN: 



NONE 
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VII 


Environmental Support Specialist . 

•LocKTiTut Collection. Transportation, and Disposal 
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III 

Duties of Solid Waste Monit< 


3r (Day 56) ; , 


Ct Af SnCOM/t AiOKAtOMV 

1 Hr 


COMfiCMCNTAIlV 

0 


TOTAL 

1 Hr 


PAOC NUMBER 

49 


f»AOK DATK 

6 Jun 75 


^ARAORAPH 

2 


""•"563X0 I"" 28 July 1971 

SUPERVISOR APPROVAL 






DATK 


flONATURI 
• 


OATC 



















IQUIPMKNT LOCATKD 
IN LABORATORY 



None 



IQUIPMtNT 



None 



CLASSirilD MATERIAL 



None 



ONAPHIC AIDS AND 
UNCLAtSlirieD MATCRIAL 



SG vn-2 
WB vn-2-pi 

AFM 91-11 



CRiTtRIOH OUeCTIveS AWO r tACHINO STtPS - 

"2Z From provided infdrmation, Ust the duties of the soUd waste monitor . 

(1) Discarding units 

(2) Collection procedures 

(3) Collection equipment 

(4) . Disposal areas 

(5) Safety, health, and nuisance precautions 




BCOT (50 Mln) 



PSESEmTIOlt: 



2«. Fron provided Infonuitioo* 
list the dutlM of tb« 
•olid w«st« aoaitor 



(1) Discarding uaitt 



U) Most b« proper Mtr«8*t^^o<& 
of Mtcrialt* 



I Garbag* 



^Wood, tte^ 



(&} K««p ajTM aroand pick up 
point claan 



(c) Xaap cans vaahed and claan 
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(c) Mak« sure correct equipMiit 
is being u«ed« 



(4) Dlgpptel areas 



(a) Incinerators 



I lAiregulated deliireriee 
Interferes vltii the orderly 
operation 



2 Schedule deliveries at 
stagfored tiaiee 



3 Delivery of suiterials to 
the disposal facility Is 
controlled by tiie Civil 
Ingineer. 



(b) Sanitary landfill 



JL Easier operate 
and maintain 



2 All unscheduled collee« 
tlons should be delivered 
to landfill not InclDerator 
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(2) Collection procedures 




(a) Gerbeg* should b« - 

collected dally \ 
' except Sunday 



0>) Rubbish and debrls» a 
aax. of 2 tlma. per 
week . 



(c) When containers are 
used for both garbage 

- and debris, It should 
be picked up twice 
weekly or as required. 

. • ' • • ■) 

(d) Family housing twtc* 
wfttkly 

\ 



\^ <3) Collection equipweat 



(a) An important factor in 
efficient collection la 
, \ the use of trucks designed 
for solid waste being 
collected 



(b) Consideration must be 
given to amount and type 
of refuse to be collected 
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(e) Special colUetiou iot 



(5) Safety, health and nultanea 
precautions 



(a) Obaerva safety %AMn 
handling heavy cans 



(b) Be'alth hazards 



(c) Nuisance precautions 



1 Ashes and duet 



2 Flies and other insects 



APPUCATION: 



1. Have students to acco^llah WI34JI156330- TH-l-f 1 

2. Check students perfocMMce 



4 
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mLOlTIOM: 



Iraliute by oral or written ^ttloM, 
and/or obMrvatlon of 'seadant*a 
porforaanca during lasaoa. . Ihia 
tmy ba aecMipliahad at «qr tiaa during 
iaaaon for iacraaaaa affactivaaaaa. 



COKUBIM (5 Mln) 

STMttBY; 



BKMOimTIOH: 



STODT ASSIGMCNX: 
NOIB 
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PRECLASS PREPAJIATION 


COUtmENT LOCATED 
IN LABORATORY 


EOUIPMSNT 
FROM tUPf LV 


CLASSIiritO MATERIAL 


GNAPHIC AlOS AND 
UNCtASSIiriKO MATCNIAL 


None 


None 


None 


SG vn-3 
WB vn-3-pi 

AFM 91-11 
APR 127-101 

Base Map 
PLC 9-251 
PLC 20-173 


CRITERION OtJCCTIVeS ANO TEACHING STEI»S 


3a. Provided information from AFM 91-11, list the factors to be considered 
when planning collection activities. - 

(1) Quantity and kinds of refuse 

(2) Type of disposal 

(3) Equipment 

(4) Pick up points 

(5) Routing of collection vehicles 
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LESSON PLAN {9m \, GmmoI) CONTINUATION SHEET / , » 



CRITERION OBJECTIVES AND TEACHING. STEPS (Cwrtlnu^ 



3b. Using AFM 91-11 and AFR 127-101, eatabliah a^t of safety precautioni% 
to be observed during collection operations of solid waste. 

/ / . • . 

(1) Personnel responsibilities ! , ! 

(2) protective clothing \ 

(3) Operation of equipment 

3c. Using AFM 91-11 and following written instrurtions, determine the best 
locations for soUd waste pickup stations, and types of "storage containers. 

(1) Solid waste pickup stations \ ' ^ 

(2) Refuse receptacles 

3d. Using AFM 91-11, Ust the frequency of. collecUon of garbage, rubbish, and 
debris for separate collections and combined collection. 

■ /' 

(1) Separate collection 

(2) Combined collection 

3e. Given a base map whi<:h shows solid waste plckun Stations and l ocation of the 
sanitary fill, lay out the Most feasible route for colledting solid waste. 

' ' ' • 

(1) Type of vehicles 

(2) Quantity of refuse 

(3) Route selection factors 

3f. N Given AFM 91-11 and a Ust of various types of collecting vehicles, pickup 
statiobs, and number of pickups per day, determine the number of personnel 
required to perform supervisory responsibilities arid driver, loader, and helper 
i-esponsibiUties. . ' 

(1) Supervisor responsibility 

(2) Driver responsibility ^ 

(3) Loader and helper responsibility 



^ ^ u 
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COURSE NO: 3ABR5633C 
MY 56 & 57 



BRANCH APPROVAL 
DATE 

PART n 
EITRODUCnON (10 Mia) 



CHECK PREVIOUS DAYS SlU^Y ASSIGNKENT 
REVIEW: 



ATTENTION: 



2(P 



OVERVIEW: 



MOTIVATION: 



PRESENTATION: 



BODY (340 Min) 



t 



from 



3a. Provided infonaation 
list the factors to be 
when planning collectiop 



AJM 91-11 
considered ^ 
activities. 



(1) Quantity and kinds 



of refuse 



0 
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;(2) Type of disposal 



(a) Sanitary fill 



(b) Incineration 




' (3) Equipment 
(a) 

t 

(b) Design 
' ' ' (4) Pick up points 

r ^ 

(a) Responsibility 

(b) Opera1;ion j 

\s) Routing of coil^ctipnjKphicles 




(a) Starting points 



(b) Distance 

(c) Combined 

(d) Segregated 



3,b* Using AIM 91-U and AFR 127-101, 't 

establish a set of safety precautions 
to be observed during collection 
operations . of solid waste 



(1) Personnel respcmsibilities 

(a) Supervisor 

(b) Foreman 

^ (c) Driver 

\ 

(d) Loader 



-erJc 
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Protective clothing 



(a) 



Aprons 



(b) 



Steel toe shoes 



(c) Gloves 



(d) Face shields (optional) 



Operation of equipment 



(a) Accident Prevention 



(b) Safe Design 



1 Repair xmsaf e eqixipnent 
as soon as possible 



2 Make regular safety in- 
spection of all equipment 



6 
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Using ATM 91-'ll and following written 
instructi<m^ detennine tlie best 
locations for solid waste pickup 
stations, and typ«s storage 
containers # 



(1) Solid waste pickup stations 



(a) Pickup stations are 
established by the 
base civil engineer. 



(b) Refuse awaiting collection 
is a potential fire risk. 



(c) Traffic conditions are 
another potential hazard 



(d) A separate pickup station for 

1 Each dining facility 

2 Exchange 

' 2 Club 



£ Warehouse or siiniiar 
building 



(e) Pickup station not more than 
300 ft. from source of waste 



7 
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(f) 



One staticm serves three to 
five barracks 



(g) Family Residence, usually a 
separate pickup point 

(h) Multi-family dwellings, one 
or more large containers 

per building - . 



(i) Special provisions must be made 

for waste generated by maintenance 
^ repair, ^and industrial areas « 



(2) Refuse receptacles 

Base civil engineer 
detezmines capacity 
and number of containers 
to be made available 



Galvanised trash and 
garbage cans 



Large portable Tdox container 



• 8 
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(a) 

(b) 
(c) 



(d) Stationary conpactors 



(e) Paper bag refuse , container 



APPliCA-TIOK: students to ccHplete 

WB 3ABR56330-Vn-3-Pl 



CONCLUSION MY 56 

SUMMARY: 



STUDY ASSICaJHEN?: 

1, Read SG 3ABR56330-VII-4 and answer 
its questions 

2. Review SG 3ABR56330-VII-3 and its 
questions 

INTRODUCTION DAY 57 
CHECK PREVIOUS DAYS SlUDY -ASSIGNMENT 

■ ^ 

REVIEW: 
OVERVIEW: 



9 
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MOTIVATION: 



PRESENTATION: 

3d* Using AFM 91-11, list the frequency 
of collection of garbage, rubbish, 
and debris for separate collections 
and cooibined collection* 



(1) Separate collection 



(a) 



Determined by segregation 
requireaants 



(b) 



Explain segregation pro- 
cedures for separate 
collections 




(2) Conbined collections 



(a) 



Advantages of efficiency 
and econcnxy over separate 
collections 



(b) 



Reduces refuse handling 
and truck trips 
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(c) Permits WLxiimim utilisation 
of newer collection equip- 
ment such as ccnpaction 



trucks 



(d) ^Practical where sanitary 
~ fill is used for inethod.^of 
disposal 



(e) Utilized where producti<m 
of salTHMfeable 
or salable material is snail 



Given a base map which shows solid 
waste pickup stations and location 
of the sanitary fill, lay out the 
most feasible route for collecting the 
solid waste* 



and multiple container 



(l) Type of vehicles 



(a) 



Loader packers 



(b) 



Dempster Dumpsters 



(c) 



Front Loader-compactors 
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(2) Quantity of refuse 



(a) Compectable 



(b) Salvageable 



(c) Recycleable 



(d) Burnable 



(3) Route selection factors 



(a) Criterion for establishing 
refuse collection routes 



1 Time and direction 



2 Exposure to motor 
vehicle traffic 



12 



Shorter hauls at 
maximum truck carrjdng 
capacity 



4 Deteimine the effect on collection 
Routes of dead-ends, and <Hie-way 
streets. 



Try- to "avoid pickup 
stations on streets 
with steep grades 



6 Always use secondary 
or less traveled roads 
when possible 



Procedures for collection 
route operation 



1 Collections should be 
started from poiiits 
fartliest from disposal 
area 



2 Any steep grades should 
be covered at beginning 
, of route. 



13 
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3 Use proper* truck for 
waste to be handled 



3f • Given ^FH 91-11 and a list of various 
types of collecting vehicles, pickup 
stations, and ntanber of pick ups ,per 
day], detennine^ the number* of personnel 
required to perform supervisory re- 
sponsibilities and driver, loader, 
and helper responsibilities. 



(l) Supervisor responsibility 



(a) Supervises collection crews 



(b) Safety of personel 



(c) Efficiency-and economy of 
collectior^ 



(d) Makes periodic adjustments 
to handle demands 



(2) Driver responsibility 



27f 
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(a) Act as foreman to collection 
crew 



(b) * Safe operation of his 
vehicle • 



(c) Follow correct routes 



(d) \ Keep materials segregated 



(e) Report discrepancies in 
segregation piactices • 
at pickup stations 



-270 



^ ' (3) Loader" and helper responsibility 



(a) Sale' operating practices 



(b) Know segregation require- 
ments 



(c) Notify driver of improper 
segregation of waste 



15 



29u 



ERIC 



.(d) Clean up spilled gai*bage 
imnediately 



APPLICATION: Using jnap provided, lay out a 
collection route,' frequency of 
collection, type of collection 
equipment to be used and the 
nxanber-of personnel required 
to perjPorm supervisory, 
driver, loader, and helper 
responsibilities. 



-EVALUATION: 

Evaluate by oral' or written question^, 
and/or 'Observation of student's 
performance during lesson. This 
may be.accomiJlished at any tine during 
lesson for increased effectiveness. 



Q * CONCLUSION (10 Min) 



SUMMARY: 



RfMOTIVATION 



STUDY ASSIGNMENT ^ 



NONE 



I 
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LESSON PLAN ( Part 1, 6M*r«i) 


AI»f»t»OVAC OFFICE ANO OATt ^ 

T CETC/ 17J un75^iJ<*4^-*«id». 


INSTRUCTOA 
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3ABR56330 


COURSE TITtS . . ^ i n • 1 

Environmental Support Specialist 


BLOCK NUMSCR 

VII 


•LOCK TITLE CoUcction. Transportation, and Disposal 
1 of Solid Waste 


LCSSON TITLC 

SoUd Waste Collection uiid Transportation 


(Day 57) 








tf SSON OUkATION 


ciasshoom/iahouatohy 

3 Hrs 


COMf lEMCNTA.'Y 

i 0 _ 


1 TOTAL 

1 


3 Hrs 




POI RCFERCNCC 


51 


PAGE DATE 

6 Jiin 75 


PARAGRAPH 

4 


^ STS/CTS RCrCUCNCC 


563X0 i 


OATC 

28 July 1971 






SUPERVISOR APPROVAL 








SlONAtURC 


DATE 


SICMATORE \ 
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\ 
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f RECLASS PRCPARATION x 


CQUIPMEMT tOCATCO 
IN LABORATORY 


* CQUirMCNT 

rnoM SUPPLY 


CLASSiriEO MATEmAL 


3RAP»^I<: AIDS ANO 
UNCLASSIFIED MATERIAL 


None 


None 




None 


SG vn-4 
WB vn-4-pi 

AFM 91-11 
MP 67-.5 


CmremON OiJeCTIVCS AND TEACHING STEPS 


4a. Given AFM 91-11, list the four common types of collection equipment. 


(1) General purpose trucks 










(2) Specialized refuse collection vehicles . 
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LESSON PLAM (Part I, G«n«ral) CONTINUATION SHEET 



CRITERION OBJECTIVES AND TEACHIKG STEPS (Con».nu«d) 



4b. Given AFM 91-11 *and various problems containing one or more of the known 
factors in soUd waste collection and disposal procedures, select the best suited 
equipment ko accomplish the job. 

(1) Characteristics of vehicles 

(2) Limitations of vehicles 

4c. Given AFM 91-11, Ust the rules for proper utilization, operation, and rare of 
collection equipment. 

(1) Proper utilization 

(2) Operation ^ 

(3) Care, of collection equipment 



t 
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COURSE, no/. a*BR5iS33f/-.-. BRAMCH. APEKOVAL: 

DAY 57 



PART n 

INTROWCnOH (lOMin) 
CHECX PREVIOUS SAYS STUmf ASSIGNMENT 
REVIEW: 

ATTEOTION: 

OVERVIEW: 

MOTIVATICN: 

BOTY- (160-Mln). 

FRESQITIITION: 

4«. Given AIM 91-11, lilt the four 
cooBum typei of collection equip- 
nent* 

(1) General purpoee trucks 

3 

3U3 



(a) Flat bed tivcks 



(b) Dump trucks 



■ (c) Sonitrailer trucks 



42V-Speciali«_edXefuse_coUjBcti^^^ 
vehicles 



(a) Rear hopper pcopaction 



(b) Contadaer hoisting/compaction 



(c) Container hoist-^and-carry 



4b. Given AIM 91-11 and various problems 
containing one or more of the known 
factors in solid vaste' collection 
and disposal procedure, select the 
equipaaent best suited to accomplish 
the job. 



3 14 
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(1) Characteristics of vehicles- 
Refer to AFM pages 2-4 
then 2*5 



(2) Idnitations of vehicles. 
Refer to AFM 91-11 page 3--3 



Given AIM 91-11, list the rules for 
proper utilization, operation^ and care of 
collection eq\iip«cnt. 



(1) Proper utilixatioh 



(a) General purpose trucks 



(b) Specialized collection vehicles 



(2) Opetiaticm 



(a) Specific Practices 



(b) General practices 



(3) Care of collection equipaent 

(a) Operator's inspection 

(b) Cleaning of equipaent 
APPLICA.TI(»I: 

AcccBtpUsh-WB 733-4-1 



EVALUATICK: 



CCNCUJSION (10 Min)_ 



SUMM/URY 

Cover '"f^y points of lesson 



Evmlwte 'by oral^ written queations^ 
«nd/or. obaervaticm of atudent^a 

pcrfonnance during leaaon* This \ 
nay be accoD^lished at any tiine during ^ 
leaaon for increased effectiveneaa. 
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REACTIVATION: 



SIUDY ASSIGKME3IT: 



Read SG 3ABRS6330-Vn-S 
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•LOCK TITLE Collection, Transportation, and Disposal 
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Solid Waste DisDosal Methods and Their Operation (Days 58 and 59) 
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' ClASSilOOM/LABORAToaY 

12 Hrs 


COMPteMCNTAKY 

0 


TOTAL 

12 Hrs 


POI REFERENCE 


PACE HUMSEK 

52 


PACE DATE 

6 Jun 75 


PARAGRAPH 

5 


STS/CTS RCFCRCNCH 


NUMSEK ^ 

, 563X0 


DATE 

28 Julv 1971 


SUPERVISOR APPROVAL 


SIQNATUKC 


DATE 


SIGNATURE 


DATE 


























PRCCLASS PREPARATION 


equipment1:ocateo 
ik la«0«ato«v- 


CQUIM4KNT 
PROM SUPPLY 


CLASSIPICOMATCniAL 


GRAPHIC AIDS AND 
UNCLASSIPIEO MATERIAL 


None 


None^ 


None 


SO vn-5 
WB vn-5 -PI 

AFM 91-11 
Slides MK 1-5 


CWTCmON OBJECTIVES AND TEACHING STEPS 


5a.^ -^GivenAl!nyi 91-11, Ust the methods and operating principles of a sanitary 
landfill. ' . . 

(1) Types of landfills 

(2) Trench method 

(3) Area method 

(4) Advantages and disadvantages of landfills 

5b. Given AFM 91-11, list the items to observe to determine the correct utiliza- 
tion of earth moving equipment. 

(1) Specific practices 

(2) General practices 



ERIC 



ATC 770 
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LESSOH PLAM (P>it l> G#tt#fd) COMTIHUATIOM SHEET 

CWTERtOH OBJECTIVES AMD TEACHING STEPS (C^>»»^ 



r 5c« Given APM 91-11, Usfc the standards and operating principles of incinerators. 

(1) Standards ' . ' 

(2) Operating principles 

Isd. Given AFM 91-11, list the items to observe when determining the correct 
[utilization of incinerators. 

(1) Flammable materials 

(2) Fire extinguishers 

♦ 

(3) Guardrails 

(4) Face masks _ _ . 

(5) Safety valves 

(6) Electrical equipment 

1 5e After observing the equipment and operating procedire utilized by a sanitery 
luildfXi^me the^«iP»^^ safety precautions observed. 

(1) Proper use of equipment ^ 

(2) Safety equipment and precautions 



ERIC 
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Course NO: 3ABR56330 Branch Approval: 

nays 58 & 59 • 

PART n 
INTRODUCTION (10 Min) 
CaiECK PREVIOUS DAYS STUDY ASSICWMENT 
REVIEW: 
ATTENTION: 

OVERVIEW: 

MOTIVATION: 

BODY (700 Min) 



PRESENTATIW: 

5a. Given AJM 91-11, list the methods 
and operating principles of a 
sanitary landfill. 




310 



ERIC 



Types of landfills 



(a) Trench 



(b) Area 



Trench method 



(a) Also knoim as cut 
and cover 

X 

(b) Trenches are excavated 
below .the original ground 
surface 



(c) Especially w»ll suited to 
level terrain 



(d) Generally pref'^rred over the- 
area* matJlgd* 

(e) Method of operation ^ 



3lx 



i Dig trencli below 
original ground 
surface 



2 Dump refuse into short 
section of trench 



^ Spread and compact" , 
refuse 



4 Cover the ccmpacted^ 
refuse daily with 6 
inches of soil 



(3) Area Method 



(a) Best applied to rolling, 
urieven terrain 



(b) Conditions under which this 
method can be used 



1 Fit, hole or sidehill 
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^ nat land 



i Ravines or gulliea 



(c) Method of operation 



i Prepare slope of 30 
degrees if using pit, 
hole, sidehill or flat 
land 



g Deposit refuse in base 
*^of depression and thoroughly 
compact if using ravines or 
gully^ 



^ Cover daily with 6-inch 
layer of dirt* 



4 Final cover will be 2ft 
of clean earth 



(4) Advantages and^disadvantages- 
of landfills 



(a) AdavantAges 



24/ 



1 Can be pu^ into operation 
, in a few days 



'X 



2 Over all cost is small 



i Does not require a large 
orew for operation 



■ ' 4 Makes it practical to 

\ ^ dispose of combined 

\ ^ refuse ' . j 
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5_ Peraianent means of 
\, ■ • disposal 



\ 



6 Converts waste land 
into usable areas ^ 



^ (b) Disadvantages 



i Frozen ground- in winter 



2 Soil too loose allowing leaching 
vhich causes pollution of ground 
and surface vmter 



Groundwater table near 
the surface 



4 Access for r*efuse vehicles 
diiring inclement weather 



^ Sufficient disposal area 



6 Away f ran ihabited building 
and down \ d . 



Given AIM 91 -II. list the items 
to bbsei*ve to detemine the 
correct utilisation of earth 
moving equipment. 



(1) Specific practices- for 

complete instructions on the 
various types of equipnaent, , 
consult manufacturer's handbook 



(2) General practices 



(a) Avoid excess tractor travel 



(b) Govern the depth of cutting 
wxth a builclija by opening 
or closing the lip of the bucket 



(c) Raise or lower the bullclam 

blade by means of the hydraulic 
control lever 



(d) When the bullclam is filled, close 
the lip and float the load on top 
of the ground so the load is. not 
carried by the tractor 



c 

(e) Before moving or filling the 
bucket of a front-end loader, 
set the shoe on or close to the 
ground. Set bucket for proper 
cut« 



(f ) FdJLl bucket on front-end loader, 
' roll the bucket back all the way. 
Lift shoes so the load can be 
semiskidded over the ground 



(g) Always roll the front-end ^ 
loader bucket all the way back 
vrtien transporting 
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(h) Never perfoimmainteiumce 
on equipment \Aile it is in 
operation 

"i 

Given AiM 91-11, list the standards 
-and operating prlnciplea of incinerators 

} 

(1) Standards 

(a) If built after 
6 June 1966 

(b) If built before 
- 6 June 1966 

(2) Operating principles 

(a) Types of incinerators 

1 Barrel arch 

2 Charging hood 

3 Medical 
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(b) Operating temperatures 



(c) Capacity, ' 



(d) Moi;e e^nsive to 

operate than landfill 



(e) Requires segregation of . 
refuse 



5d» Giveri, AFM 91-11^ list the items 
to observe iiHien detemdning 
the correct utilization of 
incinerators. 



XIF^ Flaninable materials 



(2) Fire extinguishers 



ERLC 



(3) Gi4rdrails 



(4) Facje tnalsks 



(5) Saf(5ty valves 
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(6) Electrical equijment 



APPLICi^TICai: 

StudMit will list the itcma to 
observe when detcnnining the correct 
utilisation of incinerators, earth 
moving equipment 

Complete WB 3ABR5633(Hn3:-S-Pl 



CONCniSICN Day 58 
SUMMARY: . 

STDBY ASSICaiMENT . 

Review SG 3ABRS6330-VII-S ~ 

INTRODUCTION DAY 59 
CHECK PREVIOUS DAYS SlUDY ASSIOMENT 
REVIEW^. 

OVERVIEl^: 

31 
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MOnVATION: 



PRESEMIATIQN: 

Se, After observing the eqitipttent and 
operating procedure utilized by 
base . sanitary landfill^ name the 
equipment and safety precautions 
observed. 



(1) Proper use of equipment 



(a) Types 



(b) Personnel 



(c) Operation 



(2) Safety equipment and precautions 



(a) ' Directing moving equipment 



(b) Safety practices during 
operations 



13 



320 



'in 

APPLICATION: 

Have students to name the 
equipment and safety- 
precautions after observing 
the equipment and operating 
procedxires utilized by base % - 
sanitary landfill* 



EVALUATION: 

Evaluate by oral or written 
questions, and/or observation of 
student's performance during 
lesson* This may be accomplished 
at any tine during lesson for 
increased effectiveness. 



CONCmSION (10 Min) 



SUMMARY: 

Cover main points of lesson and 
answer student questions. 



REMOTIVATION: 

Reemphasize why student needs to 

remember and apply vAat he has learned ^ 
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STUDY ASSIGNMENT: 

Read the following: 
SG 3ABR56330-Vn-6 

SG 3ABR56330-VII-7 

SG 3ABR5633b-VII-8 
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LISSOM PLAN ( Pft I, Qmmd) 
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COUMC TITLC 
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vn 



■LOCK TITLK Collection. TransporUtion, and Disposal^ 
of Solid Wkats _^ . 



.LKSSOM TITLK 

Sanitation in Solid Waste Processing (Day 60) 



LISSON DURATION 



CL AS SROOM/LAtORATORY 

1 Hr 



COMflCMCNTARY, 



TOTAL 



4 Hr 



not REPERfHCE 



PAGE 



53 



FAOC DATE 

6 Jun 75 



RARAORARN 



STS/CTS REFERENCE 



NUMRER 



563X0 



DATE 



28 July 1971 



SURERVISOR ARRROVAt 



f SICNATURE 



DATE 



StONATURE 
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\ 



RRECLASS RREPARATION 



EQUIRMENT LOCATED 
IN LABORATORY 



None 



EQUIRMENT 
FROM SURRLY 



None 



CLASSIFIED M^^ERlAL 



None 



GRARHIC AIDS AND 
UNCLASSiriCD MATERIAL 



SGyn-6 
WB vn-6-pi 

AFM 91-11 



CRITERION OSJECTIVES AND TEACHING STCRS 



6a. Provided inforniation, list the sanitation practices to be observed by all 
activities related^ the collection, transportation, and disposal of solid wastes. 

(1) Sanitatibh\practices for discarding units 

(2) Sanitation practices, for collection units 

(3) Sanitation items that should be coordinated with base medical services 

(4) Correct procedures for covering daily layers of compacted refuse 
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COURSE NO: 3ABR56330 
MY 60 



BRANCH APPROVAL; 



PART n 



IMIROnJCTION (5 Min) 



CHECK FREVIOUS BAYS STUDY ASSIGNMENT 
REVXEW: 

ATTENTION: 

ovmvjitf: 

MOTEVATEON: 



PRESENT/ITICN: 

6a • Provided infonmtion, list the 
sanitation practices to be 
observed bjr all activities 
related to the collection^ trans- 
portation^ and disposal of solid 
wastes* 



BODY (50 Min) 




(1) Sanitation practices for '\ 
discarding imits 




\ 
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(a) Discarding uxdts are 

required to keep recepta- 
cles, stands and 
^rea around containers clean 



(b) I discarding units must 
I sort and deliver refuse 
to pick up stations 



(2) Sanitation practices for 
"^ctollection units 



(a) Collectiwi crews are 
resp^ible for keeping 
trucks and mobile containers 
clean . . . 



(b~) Cleaning stations with 
hot water or stejm should 
be on or near route 



(c) Clean at end pf operation daily 



(3) Sanitation itans that should 
be coordinated with base 
medical services" 



n'* . 

32-J 



are required for boajp^itml 
\mstt ^ . 



2 Axiinal vMte 



2 Operating room 
waste 



£ Bandages 



*(b) This type of waste wust 
not be disposed of in 
sanitary f iU 



/ 



(4) Correct procedures for 
covering dally layers of 
coaqMicted refuse 



(a) Refuse should.be 

CQm>letely covered and 
ccaq^cted at the end of 
each day ^ 



32« 



J 



(b) Do not leave refuse ex- 
posed ^ 



(c) Concrete vaste ud ocrap 
Ixxmber should not hk 
placed near surface 



1 AUovs possible 
rat harborage 



2. Kay create odor 
probleois 



(d) Two feet of coTer for 
final cover 



X Six inches for seal- 
ini; cell at end of 
day 



i Allow six inches for 
settling in first 
few weeks ^ 



APPUCATION: 

student acconplish 
VI 3ABR563.30-Vil-6^P1 



i 



EVAUJAHON: 

Evaluate by oral or written questions, 
and/or observation of student's 
perfomanc'e during lesson. This 
may be acconplished at any time during 
lesson for increased effectiveness. 



CCNCUJSICK (5 Min) 



SliMMABY: 

Cover main point of lesson and student 
questions 



rimotivation: 

' Reemphasixe yby student needs to 
remonber and apply wbat he has learned 



STUTY ASSHaOIENT: 
■NONE 



6 
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mtOM SUPPLY 


CLASStPlED MATERIAL 


GRAPHIC AIDS AND 
UNCLASSIFIED MATERIAL 
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* 


None 


None 


SG vn-7 
WB vn-7-pi 

AFM^91-11 

/ 
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CRITERION OIJECTIVES AMO TEACHING STEPS 


7a. Using AFM 91-11, list the items that would be a health hazai-d or a nuisance to 
personnel operating a solid waste disposal system. / 

(1) Insects / 

(2) Hazardous wastes f 

(3) High water table J 

(4) Dust and odors / 

(5) Blowing paper / 

7b. Using information provided, list the disposal activities which will be 
coordinated with base medical services. / 

(1) Operating medical incinerator 

(2) Disposal of hospital wastes 
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COURSE NO: 3ABR56330 BRANCH APPROVAL: AJLL. yTtrr. j ^Xr^ 

DAY 60 MTEt 'i-'J/A^f O.^ f 

. PART n 
l»TROWCnON (S Min) 

CHECK PiySVIOUS DAYS STUDY ASSIGNMET 

, REVIB/: 



ATTENTKaf: 



OVERVIEW: 



MOTIVAHON: 



BODY (SO Min) 

PRESENTATION J 

7a. Using AIM 91-11, list the itesis 
that would be a health hazard 
or a nuisance to personnel 
operating a solid vaste disposal 
syst^, 

(1) Insects 



2 
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(a) Flics 

i C»ny diseases ' 

\ 

i Bothersome 

(b) Mosquitoes 

1 No standing water 

2 Periodic spraying 
for control 

(2) Hazardous wastes 

(a) ToocLc 

(b) Infectious 

(c) Ccmbusliible 

(3) High water table 

(a) Mobility of equipnent 



(b) Flotatioa of Refuse 



(4) Dust and odors 



(a) Use pressurized 
water 



(b) Water truck if 
pressurized Water 
not available 



(5) Blowing paper 



7b ♦ Using information provided, 

list the disposal activities ^ich will 
be coordixiated witii base medical 
services* 



(1) Operating medical incinerator 



(2) Disposal of hospital waste 



• APPLICATION: Have students to complete 
m 3ABR56330-VII-7-P1 



4 

/ 
/ 



r 

I 



EVAIUATION: 



Evaluate by oral or written questions, 
and/or oBservation of student » s 
perfomance during lesson. This 
nuiy be accooplished at any tine during 
lesson for increased effectiveness. 



CONCLUSION (5 Min) 



SUMMARY: 



Cover main points of lesson and 
students questions. 



RIMO*nVATION: ' 

Reemphasixe why student needs to 
-remeniber-and-appiy-what-he"ha-3 learned 



STUDY ASSIGNMENT: 
NONE 



5 ^ 
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PURPOSE OF STUDY GUIDES AND WORKBOOKS 

Study Guide* and Workbooks are training ptiblicationa authorized by Air Training 
Conunand (ATC) for student use in ATC couraea* 

The STUDY GUIDE (^G) presents the information you need to complete the unit of 
instruction, or miakes assignments for you to read in other publications which con- 
tain the required information* 

The WORKBOOK (WB) contains work procedures designed to help you achieve the 
learning objectives of the unit of instruction* Knowledge acquired from using the 
study guide will help you perform the missions or exercises, solve the problems, 
or answer questions presented in the workbook. 

The STUDY GUIDE AND WORKBOOK (SG/WB) conUins both SG and WB material 
under one cover. The two training publications may hfi combined when the WB is 
not designed for you to write ill, or when both SG and WB are issued for you to keep* 

I 

SGs and WBs aredf;»igned for ATC course use only. Theyare updatedas necessary 
for training purposes, but are NOT to be used on the job as authoriUtive references 
in preference to Technical Orders or other official publications.. 
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Dept of Civil Engineering Tng SG 3ABR56M0r.Vn-l 

Sheppard AFB, Texas, 16 August 1971 

INTRODUCTION TO SOLID WASTE PROCESSING 

OBJECTIVE 

XSpon completing this unit of instruction you will be familiar with definition, classi- 
fication, description, segregaticm and me(:hods of refuse disposal* 

INTRODUCTION 

In order for the soUd waste monitor to properly naanage a collection system, he 
must first be able to define the differeid types of refuse and the different types of pickup 
stations. The monitor must also be able to determine the best method of disposal. 

STUr>Y^ASSIGNMENT 

AFM 85-11, Refuse Collection and Disposal, Part A, Section 1 General, Al. 01 

Purpose and Scope <- Al . 02 

Responsibility - Al. 03 

Definitions « Al. 04 Classification of Refuse. 

QUESTIONS 

1. What is refuse? 



2. What is rubbish? — ^ 

3. What would be considered salvage or salable materials? 

4. What is a sanitary fill? 

5. How are medical wastes disposed of? 
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DUTIES OF A SOLID WASTE MONITOR 



OBJECTIVE 

Upon completing this unit of instruction you will be familiar with the duties of a> 
soUd waste monitor. * , 

INTRODUCTION 

On some bases solid waste disposal functions are performed'by Air Force 
personnel, on other bases these duties are performed by a contractor, in any case, 
a solid waste disposal monitor would be assigned to make sure the task is completed 
in the proper manner. 



Monitors solid waste collection, transportati<«,^and'ai8poeal processing facilities. 
Monitors discarding units for proeeiLsegre^fion of materials such a*" combustible 
trash, metals, glass,j).aper;-wood, salvageable materials and ashes. Monitors the 
coUectI«i_and-transportaticm of combustible and noncombustible solid waste from pickup, 
stations to points of disposal. Posts operating records daily for each collection vehicle 
indicating type of material collected and total cubic yards delivered to place of disposal. 
Coordinates, with base medical service on procedures for radioactive waste disposal. 
Plans collection routes, controls deliveries to disposal facilities and e9q)edites unloading 
operation for economics and safety. Maintains material inventory at disposal points 
for metals, paper, wood, aiid other reusable wastes. Monitors operations for efficient 
utiUziation of mechanized equ4>ment. 

QUESTIONS 

I 

1. Name the monitoring duties of discarding units. 

2. List the monitoring responsibilities involved in the collection procedure. 

3. Would the monitor of the collection equipment overhaul the equipmoit? 

4. List the monitoring duties of the disposal areas. 
REFERENCES 

AFM 39-1, Airman Classification Manual 



DUTIES OF A SOLID WASTBT DISPOSAL MONITOR 




3 
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SG 3ABR56330-Vn-4 

\ ■ . . 

SOLID WASTE COLLECTION AND TRANSPORTATION EQUIPMENT 

OBJECTIVES , ' 

The purpose of this study guide is to aid you In learning the different types of. solid 
waste coUectIng and transporting equipment. ^ 

INTRODUCTION 

CoUectlon equiprixent must be carefully selected and ptoced conveniently. The size 
and type of eqmpment must be selected to fit the job. Vehicles are then selected to fit 
the job to be performed. The complete system must then be supervised to conserve 
manpower and money. 

STUDY ASSIGNMENT . > 

H^.^^'^^' ^' Refuse CoUectlon Section 2, Collection Equlnment. 
B2;01 General. ■ 

B2.02 General Purpose Trucks. ^ 

B2.03 Semlti^lers. 

B2. 04 Special Collection Bodies. 

B 2. 05 Multiple Container Trucks. 

B2. 06 Correct Operation of CoUectlon Equipment. 

QUECTIONS ^ 

1. Wliat should be taken into consideration when selecting solid waste equipment for 
an Installation? 



2. 
3. 



Where >re semltraUers used in a soUd waste coUectlon system ? 
fZp^^s^^lSJS;? •^"^^ "y "*-" the volume C 

The bodies on\f)ucket loaders can usuaUy contain from to 

cubic yards of r'^e. '■ — 

What type of system Is used to raise and lower coUectlon bodies on soUd waste 
collection equipments? 




SG 3ABR5«330-Vir-5 
SOLID WASTE DISPCXSAL METHOlDS AND THEIR OPERATION 

OBJECTIVE . ' ' \ ■ • 

The purpose of this study guide is to aid you in learning soUd waste disposal 
•methods and' how these faciUties operate. . 

INTRODUCTION ' - 

SoUd waste disposal methods have become Increasingly important in the past few 
years. Properly disposed of, soUd waste wlU not create any problems from a santtary 
standpoint. A solid waste disposal area that is not properly managed aixl operated 
wiU create hazards from disease bearing rodents and insects and create the nuisance 
of sight and smelL The land used to dispose of soUd waste cannot be reused if proper 
sanitary land fill methods, have not been followed. 

STUDY ASSIGNMENT . , 

1. AFM 85-11, Part C, Disposal Methods; Section 1, General 
CI -01 Methods. 
CI. 02 Weight Factors 

2. ' AFM 85-11, Section 2, Sanitary FiU. 

C2.01 G<eneral. 

C2. 02 Sight Selectioi. ' « 

C2. 03 'Method of Operation. 

C2.04 Construction Requirements for Trench Method. 
C2. 05 .Operating Personnel. 
C2. 06 Equipment Application. 

C2.:07 Correct Operation of Earth Moving Equipment. 
C2. '08 Section of Trench. 
' C2. 09 Operating the. Fill. 

C2. 10 Low Temper^ure Operation. 
C2.ll General Practices. 
C2 -12 Correct Operation of Sanitary Fill. 

3. AFM 85-11, Section 4, Incineration. 
C4. 01 Emission Visibility Standards for Incinerators. 
G4. 02 Site Selectionv 
C4. 03< Safety Measures. 
C4.04 Charts, Signs, and Records 
C4.05 Tools. 

C4. 06 Personnel Requirements and Labor Schedules. 

C4. 07 Incinerator Capacity. 

C4;08 Temperature Range 
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04. Od Materials Uasuitable for focineratlon. ^ 

C4. 10 Placing bicinerators in Service. ^ / 

C4,ll Taking Incinerators Out of Service. ,\ 

€4.12 ' T3^e« of Incinerators. 

C4, 13 Barrel Arch locinsrator.s. ^ 

C4.14 Clorglng H^^inerators. * 

C4.15, Medical Incinerators 

QUESTIONS 

1. What does the term "urban area" mean in relation to equivalent population? 

2. Name some of the advantages of a sanitary land fill. 

; , ■ . . . <; 

a. What type of waste may not be disposed of in a f.anitary land fill? 

I * 

4« What are some considerationtf when selecting a location for a sanitary land fill? 

5. What are bumper logs used for at the sanitary land fill? 

6, ^ How often should the refuse pile be sealed? 

?• What is the puri)ose of portable fences at the sanitaxy land fill? 
How is the barrel arch incinerator burning capacity rated? 



10 
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SANITATION IN SOLID WASTE PROCESSING 

OBJEQ'TIVE • 

. \ , • 

Upon completing this unit ot instruction, you will be famiUar with the sanitation 
. aspects in solid waste processing. 

INTRODUCTION - 

Good" sanitation practices must be followed in the storage collection and disposal 
of solid waste. The discarding units . as well as the collection and disposal crews must 
be alert so that no health hazard is allowed to develop. Flies and other vector must* not 
become a nuisance at the collection or disposal points. 

STUDY- ASSIGNMENT 

* AFM 85-n, Part. A, iitroductlon'; Sectioi^ 2, Sanitation; A 2. 01 through A 2. 05, 
QUESTIONS 

1. Who has the responsibility of keeping the area around the receptacle stands clean? 

2. Where are receptacle stands located? 
3,. How is the size of a receptacle stand deterniined? 

4. How high should the top surface of a receptacle be from the ground surface? 

5. How often should garbage cans be washed? 

6. If there ai^e no central can washing facilities, who is responsible for washing 
the cans? 

j ' . . : \ 

7. How often should the inside of collection trucks and containers be washed? 

/ ' ■ ' 



/ 
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SG 3ABR56330-Vn-7 
PUBLIC HEALTH AND NUISANCES ASPECTS 



OBJECTIVE 



The purpose of this study guide is to aid you in learnihg the public health and 
nuisance aspects of solid waste collection and disposal^ 

INTRODUCTION 

Public health and nuisance aspects must be known l^efoi^e any attempt is made to 
dispose of^solid waste. Vector control must be closelyjsup^rvised. The site must be^ 
selected and managed so that no water pollution occurs.| Air pollution^ dust and odors 
must be closely controlled. Air pollution is one of the big factors governing incinerator 
operations. 1 \ 

Public health and nuisance aspects will be discussed under the following main 
headings, o 

I . . ^ • ' 

! * METHODS OF VECTOR CONTROL 

' ■ \ 

* PRECAUriCWS AGAINST WATER POLLUTION \ 

* REDUCTION OF AIR POLLUTION 

* CONTROLS FOR DUST AND ODORS 

* HEALTH AND NUISANCE ASPECTS COORDINATED WITH BASE ' 
MEDICAL SERVICES , ^ 

METHODS OF VECTOR CONTROL 

Vector control is not a major problem at a sanitary land fill that is operated 
correctly. However^ there are some precautions that^must be taken. During the 
sumnier months the compacted waste may be sprayed to retard the fly population. 
No water should be allowed to stand in the area of a sanitary land fill. After the 
trench is sealed checks must be made for rat biu^rows and the area resealed if any 
are found. 

7" PRECAUTIONS AGAINST WATER POLLUTION 

High yater tables may cause many operational difficulties^ such as inability to 
properly cbmpact the refuse; the flotation of refuse; and places limitation upon the 
mobility and usefulness of land fill and collection equipment. Water pollution may 
be caused by direct horizontal or vertical leaching as a result of chemical contaminants^ 
biological contaminants^ and the decomposition of products placed in the sanitary land 
fill. A site having a high water table may be used if only jthat portion of the site above 
the water table is used. Two to five feet above known high water is recommended as a 
minimum. For this type operation^ cover material may be obtained on site above the 
water table or by hauling from another location. You majr permanently lower the water 
table with underground drains or drainage ditches. You could temporarily lower the 

13 I 
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How may high water tables permanently be lowered so sanitary land fill operations 
ziiA be used? 



V/hat are the emission standards for incinerators based on? 



How is dust controlled at the sanitary land fill? 



How is blowing paper controlled at the sanitary land fill? 



\ 



15 



MGMFTCATIONS 

publication has (have) been deleted in 
adapting this material for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education/' Deleted material involves extensive use of 
military forms, procedures, systems, etc, and was not considered appropriat 
for use in vocational and /technical education. 
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INTRODUCTION TO SOLID WASTE PROCESSING 

OBJECTIVE 

The |)uriH)So of thin oxeirlw* is to aid you in loamini^ ♦solid waste processinp:. 

INSTRUCTIONS 

Givnn AFM 91-11, aJiswer Uie following questions: 

1. Who is responsible for carrying out refuse collection and disposal procedures? 
REFERENCE: Para (1-2) 



2. What two agencies prescribe safety and health standards for refuse collection and 
disposal procedures? REFERIbnCE: (1-1 a) 



3;. ^Define tlie following terms, REFERENCE: (Attachment 1) 
a. Refuse 



b. Garbage 



c. Debris 



d. Salvage or salable materials 



e. Solid waste management 



I. Furnace 



Grate 



h. Mixing chamber 



i. Charging chute 
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DUTIESOF A SOLID WASTE MONITOR • 

OBJECTIVE 

Thf. pur|X)so of thia oxf^rciae is to aid you in learning the dutiei of a solid wast.. 

4 

INSTRUCTIONS ' / 

/ 

Given information in Study Guide VII-2, answer the following questions. 
1 . What types of materials should be segregated by the discarding uiiit ? 



2. What information must be posted on the daily record for each collection vehicle? 



3. What must you do before disposing of radioactive waste? 



4. What information must be on the inventory of material at the disposal site? 



ERIC 



List the monitoring responsibilities Involved in the collection procedures* 



Would the monitor of the collection equipment repair the equipment? Why?^ 



List the monitoring duties performed at the disposal areas; 

V 



Summarize the duties of the solid waste monitor in your own words. 



WB 3ABR56330-Vn"3-Pl 
April 1975 

SOLID w:aste cx)llection planning and procedures 

OBJECTIVE 

The purpose of this exercise is to aid you in le»ml;ig the solid waste collections ■ 
planning and procedures dissociated with all solid waste cSlection and dispoMl systems. 

INSTllUCTrONS ; — ; 

f 

Given AKM 91-11, ;uisw.er Uio lollowinc quosllons. 

1 . What device is used to locate pickup st^tions in relation to sources of waste and 
to the disposal area? REFERENCE (2-10 a ) 



2, What type of collection reduces handling, tnick trips, and permits maximum use 
of special collection vehicles? REFERENCE (2-9 c ) ««irauni use 



3, What manual is used as a guide for refuse contract action? REFERENCE (2-11) 



4. Why sJiould hand unloading be avoided? REFERENCE (2-13 a ) 



^* ^^^^(T-S dr"**^"^^ uaually'served by one pickup station? 
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6. How much win uncompmcted ■olid w»ate from family housing normally 
weigh i)er cubic yard? REFERENCE (2-4 c (2)) 



7. Who selects the collection system beat suited for local needs and res(ources? 
REFERENCE (2-1) 



\ 



8. How often should general refuse be 8chedal«d for pickup? RErERENCE\2-9a(l)) 



9. Why are refuse trucks scheduled to start collections at points farthest from the 
disposal area? REFERENCE (2- 10 c) 



\ 



10. Arc the loaders on a waste disposal collection vehicle requited to segregale 
materials at their pickup points? Explain. REFERENCE (2-12 b(3)) 
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WB 3ABR56330-VII-4-Pi 
April 1975 

SOLID WASTE COLLECTION AND TRANSPORTATION EQUIPMENT 
OBJECTIVE 

The purpose ot this exercise is to aid you in learning solid waste collection and 
transportation equipment and some of the cautions that must be observed when operating 
this equipment. ' 

INSTRUCTIONS 

Given AFM 91-11, answer the following questions. 

1. In collecting refuse where would semitrailers normally be used? REFERENCE 
(2-7 b) ! 



tion] 



2« What are some of the advantages of special collection bodies used for collection 
wd transportation of refuse? REFERENCE {2-*7 c) 



3. Companion type tnick bodies range In capacities from to 

cubic yaidsy REFERENCE (2-7 c(l)) 

4. One multiple container hoist aiki carry truck can usually service from 

to containers. REFERENCE (2-7 c(2)) >^ 

5. What type of systepi Is used on coUectlonJrucks.to_raise-and lower the 
. REFERENCE (2-12 c (2)(a)) 




1^ 



6, What are some of the precautions that ahould be observed when. loading a detached 
container on ac.coUe(:tion truck? REFERENCE (2-12 c (2)(l)) 



7. What are some of the precautions that should be observed when operating a- power 
takeoff on a collection truck? REFERENCE (2-12 c(2)(b)) . ; 



8, Why are bumper logs used at the dump site? REFERENCE (2-12 c(2)(k)) 



9, When operating a rear loading compaction vehicle, what are some precautions 
that must be observed? REFERENCE (2-12 c(2)(f) and (g)) / ' 



10,, What kind of container is recommended at the pickup station for storing edible 
\ garbage? REFERENCE (2-5 a(7)) 



* . WB 3ABR56330-Vn-5-Pi 

• April 1975 

SOLID WASTE DISPOSAL METHODS AND THEIR OPERATION 
OBJECTIVE 

Tlic ixirposft .V. this workbook is to aid you in leamlnp solid waste disposal mctliods 
:ind tlioir operation. ■ ■ 

-INSTRUCTIONS 

erven AFM 91-11, answer the following questions. 

1. List some of the advantages of a sanitary landfill over other di^osal methods. 
REFERENCE (3-10) 



2. List the items that cannot be placed in a sanllwry lindflU operation . REFERENCE 

(3-10) 



T 



3. List the desirable terrain features for *Uiitary landfill operations. REFERENCE 
(3- 12a, b, and c) 



^ — ^ 

4; What type of cover soil Is used In the sanitary landfill? REFEFENCE (3-14 b(l)) 



\ / 

What are the two methods of operation for a sanitary landfill? REFERENCE (3-: 14) 



^, 

List the type o£ temiin where e«ich method would be used . REFERENtHE (sZ-H 2(1)) 



To serve an installation with 8,000 to 10,jl)00 men, how deep'should the/starting 
trench in the sanitary fill be? REFERENCE (?-15 c) 



How is blowing paper controlled during dumping operations at the sanitary landfill? 
REFERENCE ^3-21 Id) / 



How bften should the surface and fac 



^ of the fill be sealed? REFERENCE (3--21 f) 



How long after 
REFERENCE 



closing a fill should the maintenance program be' continued? 
(3-21 k) 7 



\ 
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